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(57) Abstract : 

PROBLEM TO BE SOLVED ^ To provide an active material in which storage and 
desorption of magnesium are possible reversiblyand a manufacturing 
method of the active materialand to provide a locking chair type 
magnesium secondary battery of a new type using magnesium as a carrier. 
SOLUTION- The active material is a magnesium compound oxide having a 
crystal structure of a stratified structureexpressed in a composition 
formula MgxMll-yM2y02or MgxMll-yM2y02. nH20 (Ml is at least one sort 
chosen from MnFe; M2 is at least one sort chosen from transition metal 
excluding the above Ml and Al)and after compounding AzMl l-yM2y02or 
AzMll-yM 2y02. nH20 (A is alkali metal) as a precursorthat is compounded 
by ion- exchanging in magnesium salt solution. The secondary battery is 
constituted using the active material as a positive electrode active 
material. 



CLAIMS 



[Claim(s) ] 

[Claim 1] empirical formula Mg^Ml,_yM2y02or Mg^Mli.yM2y02andnH20 (Ml — Mn. ) A 
transition metal excluding [ at least one sort;M2 chosen from Fe ] said 
Mia magnesium multiple oxide for magnesium rechargeable battery positive 
active material which is chosen from aluminum and in which 1 
sort ;0<x<=0. 5;0 <=y<0. 4;n is expressed with 0. 4-0. 6and a crystal 
structure has the layer structure at least. 

[Claim 2]The magnesium multiple oxide for magnesium rechargeable battery 
positive active material according to claim 1 which said Ml is Mn and is 
expressed with empirical formula Mg3jMn,_yM2y02or MgjjMn,_yM2y02 and nHgO. 
[Claim 3]The magnesium multiple oxide for magnesium rechargeable battery 
positive active material according to claim 1 which said M2 is aluminum 
and is expressed with empirical formula Mgj^Mlj.yaluminumyOgOr Mg^Ml,, 
yaluminumyOg and nHgO (y> 0). 

[Claim 4]The magnesium multiple oxide for magnesium rechargeable battery 
positive active material according to claim 1 expressed with empirical 
formula Mg^Mli_yM2y02 excluding the water of hydration. 

[Claim 5] empirical formula MgxMli_yM2y02 characterized by comprising the 
followingor MgxMli_yM2y02andnH20 (Ml — Mn. ) A manufacturing method of a 
transition metal excluding [ at least one sort;M2 chosen from Fe ] said 
Mland a magnesium multiple oxide for magnesium rechargeable battery 
positive active material which is chosen from aluminum and in which 1 
sort ;0<x<=0. 5;0 <=y<0.4;n is expressed with 0. 4-0. 6and a crystal 
structure has the layer structure at least. 

It is expressed with empirical formula A2Mli_yM2y02or A2Mli_yM2y02 and nHgO 
(at least one sort;0<z<=l as which A is chosen from an alkaline metal) An 
alkaline metal multiple oxide synthesizing process which compounds an 
alkaline metal multiple oxide in which a crystal structure has the layer 
structure. 

A magnesium multiple oxide synthesizing process which carries out ionic 
exchange of said alkaline metal multiple oxide in Mg salt water 
solutionand compounds said magnesium multiple oxide. 

[Claim 6]M1 salt-water solution which dissolved in water a salt to which 
said alkaline metal multiple oxide synthesizing process uses said Ml as 
a positive ionM2 salt-water solution which dissolved in water a salt 
which uses as a positive ion M2 mixed if neededMix alkali-metal- 
hydroxide H2O2 solution which dissolved AOH in H2O2 solutionand it is 
considered as a mixed solutiona precipitation process which deposits 
said alkaline metal multiple oxide expressed with empirical formula 



A2Mlj_yM2y02 and nH20 in this mixed solution — **** — a manufacturing 
method of the magnesium multiple oxide for magnesium rechargeable 
battery positive active material according to claim 5. 
[Claim 7] It is a manufacturing method of said magnesium multiple oxide 
for magnesium rechargeable battery positive active material expressed 
with empirical formula MgjjMli.yM2y02ln said mixed solution after 
depositingsaid alkaline metal multiple oxide synthesizing process ripens 
an alkaline metal multiple oxide expressed with said empirical formula 
AjMli_yM2y02 and nHgO which deposited after said precipitation process at 
temperature of not less than 70 **A manufacturing method of the 
magnesium multiple oxide for magnesium rechargeable battery positive 
active material according to claim 6 including a hydrothermal process of 
generating said alkaline metal multiple oxide expressed with empirical 
formula A,Mli_yM2y02. 

[Claim 8]empirical formula Mg,Mli.yM2y02or Mg^Mli_yM2y02andnH20 (Ml — Mn. ) A 
transition metal excluding [ at least one sort;M2 chosen from Fe ] said 
MIA magnesium rechargeable battery using a magnesium multiple oxide 
which is chosen from aluminum and in which 1 sort ;0<x<=0. 5;0 <=y<0. 4;n 
is expressed with 0. 4-0. 6and a crystal structure has the layer structure 
at least as positive active material. 

[Claim 9] The magnesium rechargeable battery according to claim 8 
constituted including a drainage system electrolysis solution which 
dissolved magnesium salt used as a supporting electrolyte in water. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invent ion]This invention relates to the magnesium multiple 
oxide for positive active material which can constitute the rocking 
chair type magnesium rechargeable battery which uses magnesium as a 
career its manufacturing methodand the rocking chair type magnesium 
rechargeable battery constituted considering it as positive active 
material. 
[0002] 

[Description of the Prior Art] With the miniaturization of a personal 
computera video cameraa cellular phoneetc. as a power supply used for 
these apparatusa lithium secondary battery is put in practical use and 
it has come to spread widely in the field of an information related 
equipment and communication equipment. Generally this lithium secondary 



battery comprises an anode which used the LiCo02 lithium transition 
metal multiple oxide for positive active materiala negative electrode 
which used metal lithiuma carbon materialetc. for negative electrode 
active materialand an electrolysis solution which dissolved this in the 
organic solvent by making a RICHIUUMU salt into a supporting electrolyte. 
The lithium desorbed from the anode at the time of charge is a 
rechargeable battery which repeats the cell reaction that occlusion of 
the lithium which occlusion was carried out to the negative electrode 
and was conversely desorbed from the negative electrode at the time of 
discharge is carried out to an anode. 

That isit is a rocking chair type rechargeable battery which uses 
lithium as a career. 

[0003]Metal lithium or the carbon material which uses this lithium 
secondary battery as negative electrode active material has low reaction 
potential with lithiumSince the electrolysis solution of a non-drainage 
system is used for the electrolysis solutionit had the advantage that 
operating potential was high and high energy densityand the use has been 
quickly expanded as a power supply for small portable devices. 
[0004]Howeverlithium used as the career of a lithium secondary battery 
is activity very muchfor examplethere is a danger of reacting to 
moisture and burning in the air. In the manufacturing process of a 
lithium secondary batterythis needed sufficient consideration called dry 
environment without moistureand has led also to increase of the 
manufacturing cost. Thenit waits eagerly for the rocking chair type 
rechargeable battery new type which changed the substance used as a 
career. 

[0005] this invention person replaced with lithium and groped for the 
rocking chair type rechargeable battery which used magnesium as the 
career. As the cell using magnesium is shownfor example in JP5-225978A 
until nowonly the primary battery which can only be discharged exists. 
This reason is because the good positive active material in which 
occlusion and desorption are possible is not reversibly found out in 
magnesium. 
[0006] 

[Problem (s) to be Solved by the Invention] this invention person acquired 
wholeheartedly knowledge that some magnesium multiple oxides can serve 
as positive active material in which the occlusion and desorption from 
magnesium are possible as a result of research and a repeated experiment. 
This invention is based on this knowledge and makes it SUBJECT to 
provide the positive-active-material material which can constitute the 
rocking chair type rechargeable battery of the new idea which used 



magnesium as the careerit makes to provide that simple manufacturing 
method into SUBJECTand is making into SUBJECT to provide further the 
magnesium rechargeable battery constituted using this positive-active- 
material material. 
[0007] 

[Means for Solving the Problem] (l) A magnesium multiple oxide for 
magnesium rechargeable battery positive active material of this 
inventionempirical formula Mg^Mli_yM2y02or Mgj^Mli_yM2y02andnH20 (Ml — Mn. ) 
At least one sort;M2 chosen from Fe is characterized by a thing which is 
chosen from a transition metal except said Mland aluminum and in which 1 
sort ;0<x<=0. 5;0 <=y<0. 4;n is expressed with 0. 4-0. 6and a crystal 
structure has the layer structure at least. 

[0008]This magnesium multiple oxide has a crystal structure similar to 
stratified halite structure which is a crystal structure of LiCoOg 
usedfor example as positive active material for lithium secondary 
batteries. Stratified halite structure LiCoOg is a crystal structure of 
a hexagonal systemand this crystal structure is a crystal structure by 
which each class was repeatedly laminated in order of a layer (0 layer) 
which consists of a layer (Co layer) -oxygen atom which consists of a 
layer (0 layer) -cobalt atom which consists of a layer (Li layer) -oxygen 
atom which consists of lithium atoms, a magnesium multiple oxide of this 
invention consists of layer (Mg layer) -Q layer-Ml atom which consists of 
magnesium atoms (M2 atom is included when M2 exists.) In the 
followingeach class has the same a crystal structure laminated 
repeatedly in order of a layer (Ml layer) -0 layera Co layer corresponds 
to Ml layer and Li layer has a crystal structure which replaced a Mg 
layer. When the water of hydration is included and it calls a composite 
layer a three-layer 0 layer-M one-layer-0 layerbetween layers of a 
composite layer and a composite layera double layer is formedand it 
existsand becomes the structure where a magnesium layer is located 
between layers of the water of hydration. 

[0009] In a magnesium multiple oxide of this invention which has such a 
crystal structurea magnesium atom which exists in the Mg layer serves as 

ionand ****sand a reversible reaction that occlusion of the magnesium 
ion is carried out to a site of a Mg layer is realized easily conversely. 
Thereforea magnesium multiple oxide of this invention serves as a good 
positive-active-material material which can constitute a rocking chair 
type rechargeable battery which used magnesium as a career. 
(2) A manufacturing method of a magnesium multiple oxide for magnesium 
rechargeable battery positive active material of this inventionit is a 
manufacturing method for manufacturing a magnesium multiple oxide of 



above-mentioned this invent ionit is expressed with empirical formula 
A2Mli_yM2y02or A2Mli_yM2y02 and nHgO (at least one sort;0<z<=l as which A is 
chosen from an alkaline metal) An alkaline metal multiple oxide 
synthesizing process which compounds an alkaline metal multiple oxide in 
which a crystal structure has the layer structurelonic exchange of the 
alkaline metal multiple oxide is carried out in Mg salt water 
solutionand a magnesium multiple oxide synthesizing process which 
compounds a magnesium multiple oxide of above-mentioned this invention 
is included. 

[0010] Although a magnesium multiple oxide in particular of above- 
mentioned this invention does not limit the manufacturing methodit can 
be manufactured with a manufacturing method of above-mentioned this 
invention. That isafter a manufacturing method of this invention 
compounds A2Mli.yM2y02 which has the stratified halite structure of a 
hexagonal system first mentioned aboveor A2Mlj_yM2y02 and nHgOThis AJAl^. 

y^' . By carrying out ionic exchange to magnesiunan alkaline metal which exists in an alkaline metal layer (A 

horizon) of 2^3: A2Mli_yM2y02 and nHgO. It is the method of manufacturing a 
magnesium multiple oxide of this invention which has the above-mentioned 
crystal structure by which each class was laminated repeatedly in order 
of a Mg-layer-0 layer-M one-layer-0 layer. Since ionic exchange in 
inside of Mg salt water solution is a very simple processa manufacturing 
method of this invention turns into a simple and cheap manufacturing 
method. 

(3) A magnesium multiple oxide of above-mentioned this invention is used 
for a magnesium rechargeable battery of this invention as positive 
active material. By using a magnesium multiple oxide of above-mentioned 
this invention as positive active materiala rocking chair type 
rechargeable battery new type which used magnesium as a career is 
realized. 

[0011] It differs from a lithium secondary battery using very activity 
lithium as a careerin a magnesium rechargeable battery of this 
inventionsince a career is used as magnesiumdry environment which does 
not have moisture in a manufacturing process of a rechargeable battery 
is not neededbut it becomes the rechargeable battery outstanding in a 
manufacturing-cost side and a safety aspect at the time of manufacture. 
[0012]Metal magnesiuma Magnesium alloyetc. can be used for negative 
electrode active material in a magnesium rechargeable battery of this 
invention. Thereforea cell case can be produced by unification of a 
negative electrode and a cell case which were not able to be realized in 
a lithium secondary batteryi. e. magnesium used as negative electrode 
active materialetc. and it has the merit that a remarkable weight saving 



can be attained. 

[0013] Although a nonaqueous electolyte which dissolved lithium salt in 
an organic solvent in a lithium secondary battery had to be used further 
againin a magnesium rechargeable battery of this inventiona drainage 
system electrolysis solution which dissolved magnesium salt as a 
supporting electrolyte in water can also be used. Thereforesince a 
noncombustible component can constitute a rechargeable battery in this 
casea magnesium rechargeable battery of this invention turns into a 
rechargeable battery excellent in safety. 
[0014] 

[Embodiment of the Invention]Beloweach embodiment of the manufacturing 
method of this invention for manufacturing the magnesium multiple oxide 
for magnesium rechargeable battery positive active material of this 
invention and it and the magnesium rechargeable battery of this 
invention which used it for positive active material is described in 
detail. 

When the water of hydration is not includedthe magnesium multiple oxide 
of magnesium multiple oxide (a) presentation this invention the 
presentation (1) Mg. It is considered as ^Mli_yM2y02 (at least one 
sort;0<x<=0. 5;0 <=y<0. 4 as which Ml is chosen from the transition metal 
excluding [ at least one sort;M2 chosen from Mn and Fe ] said Mland 
aluminum). The magnesium multiple oxide of this invention may contain 
the water of hydration (interlayer water) and serves as the empirical 
formula Mg^Mli_yM2y02andnH20 (n is 0. 4-0. 6) in that case. 

[0015]Mgj^MnO2 which does not replace the site of the central metal Ml by 
empirical formula Mg3,Mli_yM2y02 by other elements concretelyand sets the 
central metal Ml to MnMg[ which is set to Fe ] /eO. Ug^UnJFei^JOz (0< 
a<l) which makes both gMnand Fe the ratio of a*l~a is contained. Mg^Ml,, 
yM2y02 (y> 0) which replaced a part of site of the central metal Ml by M2 
is also containedand in this caseM2 may be replaced by the one-sort 
independent chosen from the transition metal and aluminum except Mland 
may be replaced by two or more sorts. 

[0016]Although Mn and Fe can be chosen as Ml used as a central 
metalSince there is an advantage that trivalent is stable as compared 
with Feand magnesium compound **** which has the layer structure which 
crystallinity is goodthat isstabilized can be obtained in Mnwhen taking 
this advantage into considerationit is desirable to set Ml to Mn. Since 
there is an advantage that there is much resource quantity and it is 
cheap in Fewhen taking this advantage into considerationit is desirable 
to set Ml to Fe. 

[0017]M2 which replaces a part of site of the central metal Ml achieves 



the function which stabilizes the crystal structure of a magnesium 
multiple oxideand although it is at least one sort chosen from the 
transition metal except aluminum and Mlspecif icallyit can choose 
aluminumConickeletc. Since there is an advantage of stabilizing the 
layer structure in Co and nickel when taking this advantage into 
considerationit is desirable to make M2 into at least one sort in Co and 
nickel. Since there is an advantage that the stable amount of 
dissolution is large in aluminumwith trivalentwhen taking this advantage 
into considerationit is desirable to set M2 to aluminum. 
[0018] The value of x in abundance [ of Mg in a magnesium multiple 
oxide ] i. e. Mg^Mli_yM2y02 is set to 0< x<=0. 5. x= 0 and the presentation 
used as x> 0. 5 cannot be considered theoretically. When functioning as 
positive active material into a rechargeable batterythe value of x 
changes with the charging states. In order to achieve the better 
function as positive active materialit is more desirable that it is 
0. 2<=x<=0. 5. 

[0019]The value of y in substitution rate [ of M2 ] i. e. Mg^Mli_yM2y02 of a 
central metal is set to y< 0.4. It is because in the case of y>=0. 4 Ml 
which is a central metal becomes the random structure located between 
layers easilythe periodicity of the layer structure of the Mg-layer-0 
layer-M one-layer-0 layer mentioned later is lost and the performance as 
positive active material falls. In order to consider it as the positive 
active material of the better characteristicbeing referred to as y<=0. 2 
is desirable. 

[0020] In the magnesium multiple oxide of this inventionsome impurity may 
invade during a crystal unescapable in the manufacturing process. 
Thereforeempirical formula Mg^Mli.yM2y02 showing magnesium compound **** 
of this inventionor MgxMli_yM2y02 and nH20 does not eliminate that such an 
inescapable impurity is included. It does not eliminate that similarly 
an inescapable impurity is included also about various empirical 
formulas indicated in this specification. 

[0021] (b) The magnesium multiple oxide of crystal structure this 
invention makes the crystal structure the layer structure. The layer 
structure here is the layer structure belonging to a hexagonal systemand 
means a what is called BANE site type crystal structure. The same atom 
or an atom of the same kind forms one layerand this layer has the 
crystal structure laminated regularly. Each layer is a Mg layer which 
consists of magnesium atomsMl layer which consists of Ml (M2 is included 
when M2 exists) atom which is a central metaland an 0 layer which 
consists of oxygen atomsand they are repeatedly laminated in order of 
the Mg-layer-0 layer-M one-layer-0 layer. 



[0022]The lithium cobalt multiple oxide expressed with general empirical 
formula LiCo02 as positive active material of a lithium secondary 
batterylt has a crystal structure of the hexagonal system called regular 
arrangement stratified halite structureand as mentioned aboveit 
laminates repeatedly in order of the Li layer~0 layer-central metal 
layer (Co layer) -0 layer. In other wordsthe crystal structure of the 
magnesium multiple oxide of this invention has the crystal structure to 
which Li layer replaced the Mg layer in this stratified halite structure. 
Howeversince lithium is univalent and magnesium is divalentthe maximum 
number of the magnesium atom located in a Mg layer is set to one half of 
the maximum numbers of the lithium atoms located in Li layer. 
[0023]When the magnesium multiple oxide of this invention is a thing 
containing the water of hydrationthe water of hydrationAs shown in 
drawing 7 (b) explained in detail laterwhen calling a composite layer 
three layers called an 0 layer-M one-layer-0 layerbetween the layers of 
a composite layer and a composite layera double layer is formedand it 
existsand becomes the structure where a Mg layer is located between the 
layers of the water of hydration. 

[0024]When the magnesium multiple oxide of this invention is used as 
positive active materialby chargea magnesium atom moves in the inside of 
a Mg layerout of a crystalserves as ion and secedes from a crystal end. 
At the time of dischargemagnesium ion inserts from a crystal endmoves in 
the inside of a Mg layerand occlusion is carried out to a predetermined 
site. In other wordsit is the same function as the function of the 
above-mentioned lithium cobalt multiple oxide which is the positive 
active material of a lithium secondary batteryand is only the difference 
which the atom used as a career placed and replaced with magnesium from 
lithium. By achieving such a functionthe magnesium multiple oxide of 
this invention serves as positive-active-material material which can 
constitute a completely new rocking chair type magnesium rechargeable 
battery. 

[0025] (c) As the water of hydration carried out existence ****the 
magnesium multiple oxide of this inventionit may be expressed with 
empirical formula MgxMli_yM2y02 and nH20 containing the water of 
hydrationand may be expressed with empirical formula MgjjMli_yM2y02 which 
does not contain the water of hydration. Howeverwhat does not contain 
the water of hydration can say that crystal I inity is high and a crystal 
structure is firm, thereforethe cycle degradation accompanying [ if the 
phenomenon of collapse of the crystal structure accompanying the 
occlusion and desorption of magnesium is taken into consideration ] 
charge and discharge — in that few magnesium rechargeable batteries can 



be constitutedit is more desirable that it is what is expressed with 
empirical formula MgjjMli.yM2y02 which does not contain the water of 
hydration. 

[0026] Although the paragraph of the composition of a magnesium 
rechargeable battery explains in detail laterin the case of the 
magnesium rechargeable battery which makes a nonaqueous electolyte a 
componentsince water is not used as a solvent of an electrolysis 
solutioneven if it repeats charge and dischargethe water of hydration is 
not incorporated in the magnesium multiple oxide used as positive active 
material. Thereforeif that is taken into considerationespecially in the 
case of the magnesium rechargeable battery using a nonaqueous 
electolytewhat is expressed with empirical formula MgjjMli_yM2y02 which 
does not contain the water of hydration is desirable. 
(2) The magnesium multiple oxide in particular of manufacturing method 
above-mentioned this invention of a magnesium multiple oxide does not 
limit the manufacturing method. Howeveraccording to the manufacturing 
method of this invention explained belowmanufacturing simple is possible, 
this invention is characterized by a manufacturing method comprising the 
following. 

The alkaline metal multiple oxide synthesizing process which compounds 
the alkaline metal multiple oxide which becomes when it comes to a 
precursor. 

The magnesium multiple oxide synthesizing process which compounds the 
magnesium multiple oxide which is a final product from the alkaline 
metal multiple oxide. 

[0027] (a) An alkaline metal multiple oxide synthesizing process alkaline 
metal multiple oxide synthesizing processempirical formula A2Mli_yM2y02or 
A3Mli_yM2y02andnH20 (at least one sort;Ml as which A is chosen from an 
alkaline metal — Mn. ) At least one sort;M2 chosen from Fe is a process 
for which the transition metal except said Ml and the alkaline metal 
multiple oxide which is chosen from aluminumand in which 1 
sort ;0<x<=0. 5;0 <=y<0. 4;0<z<=l ;n is expressed with 0. 4-0. 6and a crystal 
structure has the layer structure at least are compounded. In this 
processthe alkaline metal multiple oxide which has the stratified halite 
structure of the hexagonal system used as the precursor of a magnesium 
multiple oxide is compounded. It does not limit and especially the 
synthesizing method in this alkaline metal multiple oxide synthesizing 
process can be compounded by various methods. Beloweach alkaline metal 
multiple oxide synthesizing process by two synthesizing methods is 
explained as the example. 



[0028] (i) As first alkaline metal multiple oxide synthesizing process 
above-mentioned alkaline metal multiple oxide synthesizing processthe 
process of the following mode is employable. Ml salt-water solution 
which dissolved in water the salt to which the process uses Ml as a 
positive ionM2 salt-water solution which dissolved in water the salt 
which uses as a positive ion M2 mixed if neededMix the alkali-metal- 
hydroxide H2O2 solution which dissolved AOH in H2O2 solutionand it is 
considered as a mixed solutionthe precipitation process which deposits 
the alkaline metal multiple oxide in which it is expressed with 
empirical formula A2Mli_yM2y02 and nHgO in this mixed solutionand a 
crystal structure has the layer structure — **** — it is a 
synthesizing process. 

[0029]A nitratesulfateacetateetc. can be used for the salt which uses Ml 
used as Ml source as a positive ion in the above-mentioned precipitation 
process. What is necessary is to mix them and just to usein setting Ml 
to Fe for manganese nitratemanganese sulfatemanganese acetateetc. and 
setting Ml to Mn and Fe for iron nitratef errous sulfateiron 
acetateetc. when specifically setting Ml to Mn. What is necessary is just 
to mix Mn salt and Fe salt at a rate according to the presentation rate 
of Mn and Fe in the alkaline metal multiple oxide to generatewhen 
setting Ml to Mn and Fe. 

[0030] When replacing a part of site of Ml by M2M2 salt-water solution 
made to dissolve the salt which uses M2 as a positive ion in water is 
mixed. In that casethe salt which uses M2 used as M2 source as a 
positive ion like the salt which uses Ml used as Ml source as a positive 
ion can also use a nitratesulfateacetateetc. 

[0031] It is more desirable for any salt of the salt which uses as a 
positive ion the salt and the above M2 which use the above Ml as a 
positive ion to be a nitrate. When a nitrate is usedwhile it is strong 
acid desirable for a neutralization reactionit is because the advantage 
that ion does not remain is in output. 

[0032]When replacing a part of site of Ml by M2the mixture ratio of Ml 
salt-water solution and M2 salt-water solutionAccording to presentation 
A2Mli_yM2y02 and nH20 of the alkaline metal multiple oxide made profitably 
likethe mole ratio of Ml and M2 should just be mixed so that it may 
become 1-y^y. As for the concentration of Ml salt-water solution and M2 
salt-water solutionit is desirable that it is 0. 2-5M. This is because 
there are few precipitation amountsand generating of oxygen may increase 
in the case of below 0. 2M and it may be accompanied by dangerwhen 
exceeding 5M. 

[0033]The alkali metal hydroxide AOH is used as a source of an alkaline 



metal. And H2O2 solution is used as a solvent in which AOH is dissolved 
in order to oxidize water-soluble Ml^^ to insoluble Ml^"". As for the 
concentration of this H2O2 solutionit is desirable to consider it as 
concentration which brings a result which considered the safety of the 
react iondissolved AOH and was used as alkali-metal-hydroxide HgOg 
solution to 1 - 10wt%. As for the concentration of AOH dissolved in H2O2 
solutionin order to perform a uniform reactionit is desirable that it is 
0. 2-5M. 

[0034] In an alkaline metal multiple oxide synthesizing processif the 
point that the material which has them can be obtained is taken into 
consideration[ much crystallinity to alkali metal content ] [ good 
crystallinityand ] It is desirable to compound the lithium multiple 
oxide expressed with empirical formula Li2Mlj_yM2y02 which sets an 
alkaline metal to Lior Li2Mlj_yM2y02 and nHgO. In that casewhat is 
necessary is just to deposit the lithium multiple oxide expressed with 
Li^Mli_yM2y02 and nHgO in this precipitation process using LiOH in alkali 
metal hydroxide. In the case where the advantage of being cheap is taken 
into consideration although alkali content decreases a littlelt is 
desirable to compound the sodium multiple oxide expressed with empirical 
formula Na2Mli_yM2y02 which sets an alkaline metal to Naor Na2Mli_yM2y02 and 
nHgO. In this casewhat is necessary is just to deposit the lithium 
multiple oxide expressed with NaJM^.^U2y02 and nHgO using NaOH in alkali 
metal hydroxide. 

[0035]The mixing ratio of Ml salt-water solution and M2 salt-water 
solution in this precipitation processand alkali-metal-hydroxide H2O2 
solution is changed according to presentation A^Ml i_yM2y02 and nH20 of 
the alkaline metal multiple oxide made profitably like. Howeverit is 
desirable for : (M1+M2) A to make it mix so that l^S-l'lO may become 
comparatively by a mole ratio. It is because a part of Mn may oxidize to 
tetravalence and LigMnOg may carry out a byproduct ionwhen the subphase 
of Mn02 may be generated when separating from the above-mentioned 
optimum range exceeding I'Sand separating from the above-mentioned 
optimum range exceeding 1:10. Crystallinity is goodand if the point of 
being easy to obtain the thing of a single phase is taken into 
considerationit is more desirable to mix so that - (M1+M2) A may become 
about 1^5 by a mole ratio. Incidentallywhen mixing with the mixing ratio 
of the above-mentioned optimum rangeand the lithium multiple oxide set 
in general to 0. 4<=z<=0. 7 when setting alkaline metal A to Li sets 
alkaline metal A to Nathe sodium multiple oxide set in general to 
0. 2<=z<=0. 4 deposits. 

[0036] In this precipitation processit carries out by mixing uniformly Ml 



salt-water solutionM2 salt-water solution mixed if neededand alkali- 
metal-hydroxide H2O2 solution. The mixed method in particular is not 
limited. As for mixingit is desirable to carry out stirringin order to 
secure mixed homogeneity. The method in particular of stirring is not 
limited and should just follow the publicly known method of making the 
usual solution stir. Since the reaction temperature for producing a 
deposit reaction says that it is accompanied by an exoergic reactionit 
is desirable to carry out at 10-30 **. What is necessary is just to 
perform the reaction for 1 to 30 minutesand it becomes a comparatively 
quick process. 

[0037]When the alkaline metal multiple oxide which replaced a part of 
site of Ml by M2 is compoundedNot only in the mode which mixes three 
solution of Ml salt-water solutionM2 salt-water solutionand alkali- 
metal-hydroxide H2O2 solution at oncelt is good in ****** which prepares 
beforehand the solution in which Ml salt and M2 salt were dissolvedand 
mixes this solution and alkali-metal-hydroxide H2O2 solution. 
Thereforemixing of the solution in this precipitation process means that 
the thing of this mode is also included. 

[0038]The alkaline metal multiple oxide which deposited in this 
precipitation process is obtained as a sediment in the above-mentioned 
mixed solution. Thereforewhen it is going to manufacture empirical 
formula MgxMli_yM2y02 and nHgO which contains the water of hydration as a 
final productWhat is necessary is to dry rinsingf iltrationand if needed 
and just to present the magnesium multiple oxide synthesizing process 
which is a next process with the alkaline metal multiple oxide expressed 
with Aj,Mli_yM2y02 and nH20 obtained as a sediment. 

[0039] Actually the alkaline metal multiple oxide which deposited in the 
above-mentioned precipitation process is expressed with empirical 
formula A2Mli_yM2y02 and nHgO (n is 0.4-0. 6)and contains the water of 
hydration. When compounding the alkaline metal multiple oxide expressed 
with empirical formula A2Mli_yM2y02 which does not contain the water of 
hydrationan alkaline metal multiple oxide synthesizing processit is 
desirable to consider it as the process of including the hydrothermal 
process ripened at the temperature of not less than 70 ** in the mixed 
solution after the above-mentioned precipitation process and a deposit. 
That iswhat is necessary is just to perform after a deposit what is 
called aging of holding to the temperature of a prescribed range as it 
is. 

[0040] It shall be not less than 70 ** the case below 70 ** because an 
aging reaction does not advancethe temperaturei. e. the maturing 
temperatureto hold. When maturing temperature exceeds 120 **the alkaline 



metal multiple oxide etc. which are expressed with empirical formula 
A2Mn03 carry out a byproduction. Thereforeas for maturing temperaturein 
the meaning of compounding the alkaline metal multiple oxide which 
consists of an approximately single phase of the layer structureit is 
desirable that it is 120 ** or less. 

[0041] The time to ripen should just be time to be able to complete an 
aging reaction thoroughlyand what is necessary is just to usually 
perform it for 6 hours or morealthough it becomes that which changes 
with conditionssuch as maturing temperature. As for after ending 
reaction ripingsince it leads to extending the whole alkaline metal 
multiple oxide synthesizing processit is desirable to consider it as the 
shortest possible time. 

[0042]Aging puts the mixed solution which passed through the above- 
mentioned precipitation process into a predetermined container 
concretefor exampleand by [ which should just carry out predetermined 
time maintenance and water-cools after that with prescribed 
temperature ] depending especially or cooling slowly within the 
containeraf ter making it lower even near a room temperatureas it is 
taken outit can be performed. Howeverthat evaporation of this solution 
should be preventedsince evaporation of the mixed solution itself will 
pose a problem if maturing temperature will be near 100 ** or not less 
than 100 **to become not less than 100 ** with a dephlegmator etc. near 
100 **an autoclave container etc. need to perform under application of 
pressure. As for maturing temperatureif it carries out from a viewpoint 
that a simpler device performs the aging processit is desirable to 
consider it as the not less than 70 ** range of 90 ** or less. 
[0043]The crystallinity is improved while the alkaline metal multiple 
oxide obtained in this hydrothermal process is expressed with empirical 
formula A^Ml,_yM2y02 from which the water of hydration was removed. The 
value of z in an empirical formula also changes. If an example of the 
value change of concrete z is shownwhen the value of z in the empirical 
formula of the alkaline metal multiple oxide containing the water of 
hydration obtained by the above-mentioned precipitation process will be 
0. 3<=z<=0. 7In the alkaline metal multiple oxide which passed through 
this hydrothermal process performed on the maturing temperature of 80 
**and the conditions of maturing time 12 hoursit is about set to z>=0. 9. 
Depending on conditionsthe atom of alkaline metal A may invade into the 
above-mentioned M one layer. In that easel can be exceeded although the 
values of z are some. In such a casethereforealkaline metal A equivalent 
to the quantity exceeding 1 is considered to become the inescapable 
impurity mentioned aboveand is interpreted such. 



[0044]Also in this hydrothermal processthe alkaline metal multiple oxide 
which does not contain the water of hydration is obtained as a sediment. 
Thereforewhat is necessary is to dry rinsingf iltrationand if needed and 
just to present the magnesium multiple oxide synthesizing process which 
is a next process. 

[0045] As mentioned abovethe above-mentioned alkaline metal multiple 
oxide synthesizing process of a mode including the hydrothermal process 
performed a precipitation process and if neededUnlike the synthesizing 
method by the reaction of a solid-liquid interphaseby being compounded 
by the solution reactionsuff icient mixing of a source material is 
secured and it becomes a process which can compound the alkaline metal 
multiple oxide multiple oxide of the layer structure excellent in the 
homogeneity and the crystallinity of a presentation simple. When 
adopting the above-mentioned hydrothermal process of removing the water 
of hydrationthe crystallinity of the alkaline metal multiple oxide 
compounded will become higher. Furthermoresince [ which is different in 
calcination etc. ] it is processing of the degree of low temperature 
comparativelythis hydrothermal process does not need the energy of a 
likewhen carrying out heating at high temperature. Thereforeeven if it 
is a case where a hydrothermal process is adoptedthis alkaline metal 
multiple oxide synthesizing process turns into a synthesizing process 
with a cheap manufacturing cost whose fuel consumption is small. 
[0046]Set the second alkaline metal multiple oxide synthesizing process 
center element Ml to Mnand (ii) Empirical formula Mg^Mni_yM2y02 or Mg^Mnj, 

yM2yO. . Are a case where the magnesium multiple oxide expressed with 2 ^nd nH20 Is manuf acturedand 

as a precursorTo alkaline metal Aat least Li. Included empirical formula 
Lii_bA' bMl,_yM2y02or Lij.^A' bMli_yM2y02 and nH20 (at least one sort chosen from 
the alkaline metal excluding [A' ] Li;.) When it is expressed with 
0<=b<l and compounds an alkaline metal multiple oxidethe process of the 
following mode can be adopted as an alkaline metal multiple oxide 
synthesizing process. 

[0047]The solution adjusting process which the process mixes A' MnO^ 
solution and Li compoundand adjusts a mixed water solutionthe 
hydrothermal process of generating the alkaline metal multiple oxide 
which heats said mixed water solution and is expressed with empirical 
formula Lii_bA\Mli_yM2y02 and nH20 — **** — it is a synthesizing process. 
Like the alkaline metal multiple oxide synthesizing process of the above 
firstsince a reaction called the deposit and aging from solution is 
usedsuff icient mixing of a source material is secured and the alkaline 
metal multiple oxide of the layer structure excellent in the homogeneity 
and the crystallinity of a presentation can be compounded simple. Since 



[ which is different in calcination etc. ] it is processing of the 
degree of low temperature comparativelya hydrothermal process turns into 
a synthesizing process with a cheap manufacturing cost similarly. 
[0048]A solution adjusting process Li compound used as the A' Mn04 
solution used as manganese and the source of an alkaline raetaland a 
lithium sourcelt is a process mixed in the quantity according to the 
composition ratio of Li,_bA' bMli_yM2y02 or Li/A' of Lii_bA\Mli_yM2y02 and nHgO 
made profitably like. That iswhat is necessary is just to let both 
mixing ratio be the rate that Li in Li compound and A' in A' Mn04 become 
l-b:b by a mole ratio. 

[0049]Since the reaction of Li compound and A' Mn04 is performed in 
solutionas for Li compoundit is preferred that it is water solubilityand 
it is desirable to make it mix as solution. As a water-soluble lithium 
compoundLiClLiOHLiNOglithium acetatebutanoic acid lithiumlithium 
oxalatelithium citrateetc. can be usedfor example, as for the 
concentration of A' Mn04 solutionit is desirable that it is about 0. IM- 
0. 3Mand as for the concentration of the Li compound solutionwhen mixing 
Li compound as solutionit is desirable to consider it as about 0. 1M--5M. 
[0050]A hydrothermal process is a process which the above-mentioned 
mixed water solution is heated to prescribed temperatureand the above- 
mentioned alkaline metal multiple oxide is deposited out of solutionand 
is generated. It is desirable to carry out by applying for a long time 
at 120-250 ** under saturation water vapor pressure. Since the cost 
concerning a reaction etc. will go up if the reaction of A' Mn04 and Li 
compound does not progress at less than 120 ** but cooking temperature 
exceeds 250 **it is not desirable. It is good more desirably to consider 
it as 200 ** or less. In order to avoid evaporation of solutionit is 
desirable to use devicessuch as autoclave. 

[0051]The generated alkaline metal multiple oxide is generated as a 
sediment in a reaction vessel. What is necessary is to dry 
rinsingf iltrationand if needed and just to present a next process with 
this sediment. Only by mixing the easy solution raw material of handling 
and making one moderate step reaction near 200 causea uniform 
multiple oxide is obtained and this synthesizing method which passes 
through such a process is a very simple and practical synthesizing 
method. 

[0052] The alkaline metal multiple oxide which completed the hydrothermal 
process and was compounded is expressed with empirical formula Lii_ 
bA\Ml,_yM2y02 and nHgO (n is 0.4-0.6) including the water of hydration. As 
mentioned abovein order to improve crystallinity moreit is more 
desirable to remove the water of hydration. The method in particular of 



water-of-hydration removal is not limited. When the alkaline metal 
multiple oxide expressed with empirical formula Lii_bA\Mli_yM2y02 which 
does not contain the water of hydration is compoundedFor examplean 
alkaline metal multiple oxide synthesizing processit can be considered 
as the process that heating ****** which heats the alkaline metal 
multiple oxide expressed with empirical formula Lii_bA\Mlj.yM2y02 and nHgO 
generated at the hydrothermal processand removes the water of hydration 
is includedaf ter the above-mentioned hydrothermal process. 
[0053]When performing this heating dehydration processit is preferred to 
be carried out at the temperature of 100-250 **, It is for the crystal 
structure of double alkaline metal ******** which will be obtained if it 
becomes imperfect in less than ICQ ** drying the cooking temperature for 
drying and it exceeds 250 ** to produce the fault of transferring to 
Spinel structure from the shape of a layer. As for a dehydration 
processit is preferred to be carried out in atmospheric air. When this 
dehydration process is made under decompressionit is because a crystal 
may be returned. 

[0054] (b) A magnesium multiple oxide synthesizing process magnesium 
multiple oxide synthesizing process is a process of carrying out ionic 
exchange of the above-mentioned alkaline metal multiple oxide obtained 
by the above-mentioned alkaline metal multiple oxide synthesizing 
process in Mg salt water solutionand compounding a magnesium multiple 
oxide. That isit is the process of carrying out ionic exchange of the 
alkaline metal in the alkaline metal multiple oxide which is a precursor 
to magnesiumand compounding the magnesium multiple oxide which is a 
final product. 

[0055]A magnesium chloridea magnesium nitratemagnesium sulfateetc. can 
be used for Mg salt used as the solute of Mg salt water solution used at 
this process. If the point that Mn under crystal may be eluted in acid 
salt is taken into consideration also in thisit is desirable to use a 
magne s i um chloride (MgC 1 g) . 

[0056]As for the concentration of Mg salt water solutionit is desirable 
to consider it as about 1-5M. since the balance with the alkaline metals 
A and Mg does not incline toward the Mg side by the case of less than IM 
in this optimum range as compared with **ionic exchange becomes 
insufficient. In the case where 5M is exceeded in view of this although 
the higher one of that concentration is more desirable in the above- 
mentioned optimum rangealthough the reason is unknownit is because a 
crystal may dissolve. 

[0057]What is necessary is not to limit the concrete method in 
particular of this processtothrow in the above-mentioned alkaline metal 



multiple oxide in the predetermined container containing the above- 
mentioned Mg salt water solution for exampleto make it distributeto be 
prescribed temperatureand just to perform ionic exchange among 
predetermined timestirring. 

[0058]As for the input of an alkaline metal multiple oxideit is 
desirable for A in an alkaline metal multiple oxide to consider it as 
the quantity set to Mg:A=10:l - 100:1 by a mole ratio to Mg in Mg salt 
water solution. If it compares with the input of this optimum rangewhen 
there are too many alkaline metal multiple oxidesthe reason is 
unknownbut a possibility that a crystal will dissolve arisesand when 
there are too few alkaline metal multiple oxidesa possibility that the 
phase in which ionic exchange does not advance thoroughly but A remains 
exists arises. 

[0059]As for the reaction temperature in the case of performing ionic 
exchangeit is desirable to consider it as 20-50 **. To the temperature 
of this optimum rangewhen reaction temperature is too highit becomes 
easy to dissolve a crystaland when reaction temperature is too lowit 
becomes difficult to carry out ionic exchange. As for reaction timeit is 
still more desirable to consider it as 6 hours or more. Ionic exchange 
becomes insufficient when reaction time is too short. As for lengthening 
reaction time not muchif the point of only lengthening time of this 
process itself in vainand securing a quick process is taken into 
considerationshortening as much as possible is [ reaction time ] 
desirable. Specif icallyit is desirable to carry out for about 6 to 24 
hours. 

[0060] The magnesium multiple oxide pass this processin the case of what 
is expressed with empirical formula A2Mli_yM2y02 and nHgO in which the 
alkaline metal multiple oxide made to react contains the water of 
hydrationit becomes what is expressed with empirical formula UgJAl^.yU2^02 
and nHgO containing the water of hydrationin the case of what is 
expressed with empirical formula A2Mli_yM2y02 in which the alkaline metal 
multiple oxide made to react does not contain the water of hydrationit 
is expressed with empirical formula Mg^Mli_yM2y02 which does not contain 
the water of hydration. 

[006l]Empirical formula A^Mli_yM2y02 or A^Ml of an alkaline metal multiple 
oxide which is a precursor. . i- with the value of z in yM2y02 and nHgO. empirical 
formula MgxMli_yM2y02 of the magnesium multiple oxide which is a final 
productor Mg^ — the relation with the value of x in Mlj_yM2y02 and 
nH20Since A and Mg exchange for abbreviated completeness by the ionic 
exchange in this process under proper conditionsit is set to x**(l/2) z. 
[0062] empirical formula MgxMl,_yM2y02 of the magnesium multiple oxide 



which is a final productor Mg^when considering it as the thing of a 
request of the value of x in Mli_yM2y02 and nH20That isin considering it 
as the thing of a request of the abundance of Mg in a magnesium multiple 
oxide, empirical formula A2Mlj_yM2y02 of the alkaline metal multiple oxide 
which is a precursoror — what is necessary is just to control the 
value of z in Mli^yM2y02 and nHgOi. e. the abundance of alkaline metal A 
What is necessary is to choose proper conditions and just to perform the 
above-mentioned alkaline metal multiple oxide synthesizing processin 
order to control the value of z. 

[0063]The magnesium multiple oxide pass this process has a crystal which 
has the layer structure which was mentioned aboveand turns into a 
magnesium multiple oxide in which the occlusion and desorption of 
reversible magnesium are possible by an electrochemical means. Since 
this process is a very simple process of carrying out stirring 
maintenance under the temperature near a room temperature or a room 
temperatureand in solutionit becomes simple [ the manufacturing method 
of the magnesium multiple oxide of this invention itself ]. Since the 
magnesium multiple oxide pass this process exists powdered in solutionit 
performs the process of rinsingf iltrationand desiccation continuouslyand 
should just use it as the positive-active-material material for 
magnesium rechargeable batteries. 

(3) The magnesium rechargeable battery of magnesium rechargeable battery 
this invention is a magnesium rechargeable battery which uses the 
magnesium multiple oxide of above-mentioned this invention as positive 
active materialand is a rocking chair type rechargeable battery which 
uses magnesium as a career. Let the composition be an anode which uses 
the above-mentioned magnesium multiple oxide as an active materiala 
negative electrodeand an electrolysis solution and an important point 
component. 

[0064] (a) An anode anode mixes a conducting material and a binder to the 
powdery part of the above-mentioned magnesium multiple oxide used as 
positive active materialadjusts paste state anode laminated woodfor 
examplecan carry out coating of this anode laminated wood to the 
collector surface made from a metallic foiland can form it in it. 
[0065]A conducting material is for securing the electrical conductivity 
of an anodeand what mixed one sort of carbon substance powdery partssuch 
as carbon blackacetylene blackand black leador two sorts or more can be 
used for it. The binder can play the role which ties an active material 
particle and conducting material particlesand thermoplasticssuch as 
fluorine-containing resinsuch as Teflon (registered 

trademark) polytetrafluoroethylenepolyvinylidene f luorideand f luorocarbon 



rubberpolypropyleneand polyethylenecan be used for it. The anode 
laminated wood can add a solvent for the purposesuch as viscosity 
controlfor convenience' sake at the time of coatingcan also be 
adjustedand can use organic solventssuch as N-methyl-2-pyrrolidonefor 
the solvent in that case. As for a charge collectorit is desirable to 
receive like an anode reaction and to use a stable substance 
electrochemicallyfor examplealuminum etc. can be used for it. 
[0066] According to the shape etc. of the cell which is a sheet shaped 
and to which it is supposed that it is going to produce this sheet 
shaped anode although it becomesthe anode formed by carrying out coating 
to the charge collector made from a metallic foil can be variously made 
into thicknessand can be made into the thing of various sizes by 
decision or other means. If neededit may pressurize by the press or 
other means in order to raise the density of anode laminated wood. 
[0067] (b) The active material in particular that constitutes the 
negative electrode made to counter a negative-electrode anode does not 
limit the kind. Occlusion (deposit) and desorption are reversibly 
possible in magnesiumand the reaction potential should be just lower 
than the reaction potential of the magnesium multiple oxide used as the 
above-mentioned positive active material. Reaction potential is low 
enough and it is desirable for metal magnesium and a Magnesium alloy to 
be mentioned and to use these metal magnesium and a Magnesium alloy as 
negative electrode active material with the magnesium rechargeable 
battery of this invention as a substance which has sufficient reversible 
occlusion (deposit) and desorption ability. Specifically as a Magnesium 
alloya Mg-aluminum system alloya Mg-Zn system alloya Mg-Mn system 
alloyetc. can be used. 

[0068] For examplefabricate ******such as metal magnesiumin foil form or 
tabular shapeconsider it as a negative electrodeit is made to counter 
with the above-mentioned anodeand what is necessary is just to 
constitute a cellwhen using metal magnesium or a Magnesium alloy as 
negative electrode active material. 

[0069] (c) An electrolysis solution electrolysis solution is a fluid 

which contains magnesium used as a career by an ionic stateand dissolves 
magnesium salt used as a supporting electrolyte in a solvent. In the 
magnesium rechargeable battery of this inventionall of a drainage system 
electrolysis solution that used the nonaqueous electolyte and water 
using an organic solvent for the solvent can constitute a cell. 
[0070]When considering it as a nonaqueous electolyteit appears in 
magnesium salt used as a supporting electrolyte to use Mg(BF4) 2Mg(PF6) 
2Mg(C104) 2Mg(CF3S03) 2Mg(AsFg) g^tc. An aprotic system organic solvent can 



be used for an organic solvent. For examplethe mixed solvent which 
consists of one sortsuch as cyclic carbonatechain carbonatecyclic 
estercyclic etheror chain etheror two sorts or more can be used. As 
illustration of cyclic carbonateethylene carbonatepropylene 
carbonateButylene carbonatevinylene carbonateetc. as illustration of 
chain carbonate Dimethyl carbonateDiethyl carbonatemethylethyl 
carbonateetc. as illustration of cyclic ester A gamma butyrolactoneA 
tetrahydrofuran2-methyltetrahydrofuranetc. are mentioned as illustration 
of cyclic etherand a gamma valerolactone etc. are mentioned for 
dimethoxyethaneethyleneglycol dimethyl etheretc. as illustration of 
chain etherrespectively. Using any one sort in these things 
independently can also mix two or more sortsand it can also be used. As 
for the supporting electrolyte concentration in nonaqueous electrolyteit 
is desirable to be referred to as 0. 8-1. 5M. 
[0071] When considering it as a drainage system electrolysis 
solutionMg(OH) gMgClgMgCNOg) g^^c. can be used for magnesium salt used as 
a supporting electrolyte. In the negative electrode which uses metal 
magnesium or a Magnesium alloy as negative electrode active 
materialsince it has the advantage that degradation (oxidation) of the 
negative electrode can be preventedit is more desirable also in the 
above-mentioned supporting electrolyte to use Mg(OH) 2- Since it says 
that the supporting electrolyte concentration can make electric 
conductivity of an electrolysis solution high in the case of a drainage 
system electrolysis solutionit is desirable to consider it as saturated 
concentration or the concentration near it. 

[0072]A magnesium rechargeable battery has a merit using a nonaqueous 
electolyte in the ability to attain the cell voltage exceeding the 
decomposition potential of waterand it serves as a magnesium 
rechargeable battery with high power density. When harnessing this merit 
is taken into considerationin the magnesium rechargeable battery of this 
inventionit is desirable to use a nonaqueous electolyte. what 
incidentally uses a drainage system electrolysis solution in the case of 
the magnesium rechargeable battery which used metal lithium for the 
negative electrode — about — about [ 1. IV - ] — what uses a 
nonaqueous electolyte to charge and discharge being possible among 1. 6V 
— about about [ 1. IV - ] — charge and discharge are possible among 
3. OV. 

[0073] The merit using a drainage system electrolysis solution is the 
safety. That issince the organic solvent is not usedeven when the 
temperature of a magnesium rechargeable battery risesfor example by 
causessuch as a surchargethere is little dangersuch as outbreak of fire. 



Thereforeif it is when it constitutes the magnesium rechargeable battery 
which thought safety as importantit is desirable to use a nonaqueous 
electolyte in the magnesium rechargeable battery of this invention. 
[0074] (d) The magnesium rechargeable battery of this inventionssuch as 
other component smakes the above-mentioned anode and the above-mentioned 
negative electrode counterforms an electrode bodyand this electrode body 
is inserted in a cell case with an electrolysis solutionand it should 
just produce it. When making an anode and a negative electrode countera 
separator is fastened among both. When it is a drainage system 
electrolysis solution to use thin fine porous membranesuch as 
polyethylene and polypropylenea nonwoven fabricpaperetc. in separating 
an anode and a negative electrodeholding an electrolysis solution and 
using a nonaqueous electolytea nonwoven fabricpaperetc. can be used for 
a separator. 

[0075]The magnesium rechargeable battery in particular of this invention 
cannot limit the shapea sizeetc. and can make them various thingssuch as 
cylindricala lamination typea coin typeand a card shape. A proper thing 
should just be used for a cell case according to the shape etc. of the 
cell which it is going to produce. It may be a thing of the form that 
may provide a positive electrode outside terminal and a negative- 
electrode external terminal in a cell caseand some cell cases serve both 
as a positive electrode outside terminal and a negative-electrode 
external terminal to it. Even if it is a case where which shapeformetc. 
are adoptedthe above-mentioned electrode body is stored to a cell 
caseThe between to a positive electrode outside terminal and a negative- 
electrode external terminal is electrically connected from an anode and 
a negative electroderespectivelyan electrolysis solution is poured inand 
a cell case is sealeda fuel cell subsystem is isolated with the 
exteriorand a magnesium rechargeable battery is completed. 
[0076]At least some cell cases are formed with metal magnesium or a 
Magnesium alloyand the magnesium rechargeable battery of this invention 
can also be carried out in the mode in which the portion of a cell case 
serves as a negative electrodewhen adopting metal magnesium and a 
Magnesium alloy as negative electrode active material. Since especially 
metal lithium is activity very much among the air in the air containing 
moisture if it is in a lithium secondary batterythe mode in which such a 
cell case serves as a negative electrode is accompanied by danger. On 
the other handeven if it is a case where metal magnesium etc. constitute 
a cell case from the magnesium rechargeable battery of this 
inventionsince most metal magnesium is inertness in the airit is safe. 
Thereforethe weight of a cell is reduced and the magnesium rechargeable 



battery of this invention of a mode with which a cell case serves as a 
negative electrode turns into a magnesium rechargeable battery excellent 
in an energy densitypower densityetc. 

(4) Although the embodiment of the magnesium multiple oxide for 
magnesium rechargeable battery positive active material of this 
inventionits manufacturing methodand the magnesium rechargeable battery 
using it was described aboveThe embodiment mentioned above is only one 
embodimentand the magnesium multiple oxide for magnesium rechargeable 
battery positive active material of this inventionits manufacturing 
methodand the magnesium rechargeable battery using itit can carry out 
with various gestalten which performed various change and improvement 
based on the knowledge of persons skilled in the art including the 
above-mentioned embodiment. 
[0077] 

[Example] The rechargeable battery was evaluated by manufacturing the 
magnesium multiple oxide of this invention based on the above-mentioned 
embodimentproducing the magnesium rechargeable battery of this invention 
based on the above-mentioned embodiment which used it for positive 
active materialand doing a charge and discharge test on the rechargeable 
battery further. The magnesium multiple oxide of this invention of other 
kinds was also manufacturedand examination from various angles was 
performed. The experiment conducted on below is indicated. 
(1) In order to obtain the magnesium multiple oxide of the layer 
structure expressed with manufacture of an experiment 1(a) magnesium 
multiple oxideand its analysis / observation empirical formula 
Mg^Mno galuminumo jOg. It manufactured by the method of the following 
including the lithium multiple oxide synthesizing process which consists 
of a precipitation process according to the above-mentioned 
embodimentand a hydrothermal processand a magnesium multiple oxide 
synthesizing process. 

[0078] In a precipitation processMn (NO3) 2 solution 27raL of the 
concentration of IM and aluminum (NO3) 2 solution 3mL of the 
concentration of IM are mixedThe LiOH/H202 solution which mixed LiOH 
solution 150mL of the concentration of IM and 30wt% of H2O2 solution 
15mL is mixed at a stretchunder the temperature of 25 **it was made to 
react to this mixed solution for 10 minutesand the sediment was 
deposited in it. This sediment has checked that it was a lithium 
multiple oxide expressed with empirical formula LIo.sMuq galuminumo jOg and 
0. 45H2O as a result of the component analysis. 

[0079] Subsequent lythis sediment was put into the container which lined 
of Teflon the whole mixed water solution after reactingand the 



hydrothermal process of riping for 15 hours was performed under the 
temperature of 80 **. The sediment was rinsedf iltered and dried after 
the hydrothermal process. This obtained powder was a lithium multiple 
oxide expressed with empirical formula LiMn^ galuminumQ jOg from which the 
water of hydration was removed as a result of a component analysis. 
[0080]The XRD pattern obtained in the scanning electron microscope (SEM) 
photograph of this lithium multiple oxide as a result of X-ray 
diffraction analysis by drawing 1 and the powder method using CuK alpha 
rays is shown in drawing 2 respectively. Incidentally drawing 1 is 200000 
times as many SEM photographs. 

[0081] It could check that the obtained lithium multiple oxide was powder 
which consists of an abbreviated hexagon-head tabular crystal grain 
childandas for the particlehas checked on the average that the diagonal 
length of a hexagon-head side was about 70 nmand thickness was about 5 
nm on an average so that each photograph of drawing 1 m ight show. It has 
checked that the crystal structure of this lithium multiple oxide was 
the stratified halite structure belonging to a hexagonal system by 
analyzing the XRD pattern of drawing 2 . 

[0082]The magnesium multiple oxide synthesizing process was presented 
with the stratified halite structure lithium multiple oxide expressed 
with this empirical formula LiMng galuminumo j02. Supply 2 g of the above- 
mentioned lithium multiple oxide in MgClg solution 200mL of the 
concentration of 5Mand it is made to distributeand it is a room 
temperature (25 **)and this synthesizing process is made to stir for 10 
hoursand performs ionic exchange. The magnesium multiple oxide obtained 
by this synthesizing process is expressed with empirical formula 
Mgo gMno.galuminumo as a result of a component analysis. 
[0083] The XRD pattern obtained in the SEM photograph of this magnesium 
multiple oxide as a result of X-ray diffraction analysis by drawing 3 
and the powder method using CuK alpha rays is shown in drawing 
4respectively. Incidentally drawing 3 is 200000 times as many SEM 
photographs. 

[0084] It could check that the obtained magnesium multiple oxide was 
powder which consists of an abbreviated hexagon-head tabular crystal 
grain childandas for the particlehas checked on the average that the 
diagonal length of a hexagon-head side was about 70 nmand thickness was 
about 5 nm on an average so that each photograph of drawing 3 might show. 
As compared with the photograph of drawing 1 in which the lithium 
multiple oxide which is the precursor mentioned above is shownthe basic 
skeleton in a crystal structure may be considered to be maintained so 
that clearly. By analyzing the XRD pattern of drawing 4 it has checked 



that the crystal structure of this magnesium multiple oxide was the 
layer structure belonging to a hexagonal system. By comparing with the 
XRD pattern of the lithium multiple oxide shown in drawing 3 shows that 
the basic skeleton in a crystal structure is maintained. 
[0085]The diffraction peak according to the field (003) of each multiple 
oxide crystal in near 2 theta= 18 degree (an angle of diffraction is set 
to theta it is the same as that of the following) in both the XRD 
pattern of drawing 2 and the XRD pattern of drawing 4 exists. As a 
result of analysisspacing d(oo3) of the field (003) of the lithium 
multiple oxide which is a precursor was 4. 70Aand spacing d(oo3) of the 
field (003) of this magnesium multiple oxide was 4. 75A. thereforethe 
lithium multiple oxide of the grating constant (Li layer (Mg layer) -0 
layer-Mn layer-Q layers are 3 times of the repeated length) of c shaft 
orientations is 14. lA — it will receive and a magnesium multiple oxide 
will be 14.3 A. This is that Li which exists in Li layer of a lithium 
multiple oxide replaces bulky (the diameter of an atom is large) Mg atom 
by ionic exchangeand it means that the magnesium multiple oxide of the 
layer structure in which a Mg-layer-0 layer-Mn layer-0 layer is repeated 
is compoundedmaintaining a basic skeleton. 

[0086] (b) The magnesium rechargeable battery which used the production 
magnesium multiple oxide of the magnesium rechargeable battery for 
positive active material was produced. An anode to 70 weight sections of 
the above-mentioned magnesium multiple oxide which are expressed with 
empirical formula Mgo jMno galuminum^ i02and have the layer structure. Mix 
Ketchen black as a conducting materialmix five weight sections of 
Teflons as 25 weight sections and a binderand anode laminated wood is 
adjustedThe sheet which carries out pressing of this anode laminated 
wood to the surface of a 22-micrometer-thick aluminium foil charge 
collector and in which the thickness of anode laminated wood is set to 
50 micrometers was producedit ranked second and the disk type thing 
which pierced this sheet in diameter phi of 15 mm was produced. 
[0087]Metal magnesium was used for the negative electrode made to 
counter the above-mentioned anode. Metal magnesium produced the thing 
with 0. 1 mm [ in thickness ]and a diameter [ phi ] of 15 mm. The 100- 
micrometer-thick nonwoven fabric was used for the separator fastened 
between the above-mentioned anode and a negative electrode. After 
incorporating the above-mentioned anodethe negative electrodeand the 
separator and impregnating with an electrolysis solutionthe magnesium 
rechargeable battery sealed this cell case in the coin type cell case 
(2016 type) and it was made to complete it. The Mg(OH) 2 solution of the 
saturated concentration which is a drainage system electrolysis solution 



was used for the electrolysis solution. 

[0088] (c) The charge and discharge test was done to the evaluation 
above-mentioned magnesium rechargeable battery of a charge and discharge 
test and a magnesium rechargeable battery. A charge and discharge test 
shall charge and rank second by the constant current of current density 
0.25 mA/cra^ to the charge final voltage 1. 6Vand shall repeat the 
charging and discharging cycle which discharges by the constant current 
of current density 0.25 mA/cm^ to the discharge final voltage 1. IV. 
[0089]As a result of this charge and discharge testthe charge-and- 
discharge curve (curve which shows the relation between the voltage 
between battery contacts and the capacity per positive active material) 
of 1 cycle eye of the above-mentioned magnesium rechargeable battery and 
a two-cycle eye is shown in drawing 5 . As this charge-and-discharge 
curve showedcharging capacity was [ about 45 mAh/g and the service 
capacity of 1 cycle eye ] about 55 mAh/g. It is thought that it 
originates in a certain structural change of the magnesium multiple 
oxide which is positive active material although the reason which this 
capacity difference produced is not clear at present. On the other 
handin a two-cycle eyecharging capacity and service capacity are about 
45 mAh/gand most capacity differences do not exist. Although not 
illustratedthe capacity whose 3 cycle eye or subsequent ones is almost 
equivalent to a two-cycle eye is shown. 

[0090] In the rechargeable battery which used the magnesium multiple 
oxide of this invention for positive active material judging from this 
resultconsiderable capacity will be concludedif a chargeable and 
dischargeable rechargeable battery can be constituted reversibly. The 
magnesium rechargeable battery produced in this experiment is a rocking 
chair type rechargeable battery completely new type which used magnesium 
as the career. 

(2) A two experiment experiment is related with the magnesium multiple 
oxide of the layer structure containing the water of hydration which 
carried out ionic exchange of the precursor of the stratified halite 
structure alkaline metal multiple oxide containing the water of 
hydrationand compounded it. This magnesium multiple oxide was 
manufactured by the method of the following including the sodium 
multiple oxide synthesizing process which performs the precipitation 
process according to the above-mentioned embodimentand does not perform 
a hydrothermal processand a magnesium multiple oxide synthesizing 
process. 

[0091] In the precipitation process in a sodium multiple oxide 
synthesizing process. The NaOH/H202 solution which mixed NaOH-aqueous- 



solution 150mL of the concentration of IM and 30wt% of H2O2 solution 
ISmL is mixed at a stretchunder the temperature of 25 **it was made to 
react to MnCNOj) 2 solution 30mL of the concentration of IM for 10 
minutesand the sediment was deposited in it. This sediment has checked 
that it was a sodium multiple oxide expressed with empirical formula 
Nao ^MnOg and 0. 5H2O as a result of the component analysis. 
[0092]Nextthe magnesium multiple oxide synthesizing process was 
presented with the sodium multiple oxide obtained by the above-mentioned 
synthesizing process. Supply 2 g of the sodium multiple oxide in MgClg 
solution 200mL of the concentration of 5Mand it is made to distributeand 
it is a room temperature (25 **)and this synthesizing process is made to 
stir for 10 hoursand performs ionic exchange. The magnesium multiple 
oxide obtained by this synthesizing process is expressed with empirical 
formula MgQ j5Mn02 and 0. 5H2O as a result of a component analysis. 
[0093] X-ray diffraction analysis by the powder method using CuK alpha 
rays was conducted to the above-mentioned magnesium multiple oxide which 
is the above-mentioned sodium multiple oxide and final product which are 
precursors. Each XRD pattern obtained as a result is shown figure 6 . The 
XRD pattern of the sodium multiple oxide incidentally expressed with 
empirical formula Nao.3Mn02 and 0. 5H2O in a figure A ''Na type^'The XRD 
pattern of the magnesium multiple oxide expressed with empirical formula 
Mgo. isMnOg and 0. 5H2O is marked as ''Mg type"respectively. As a result of 
analyzing these XRD patternsit can check that any crystal structure of a 
sodium multiple oxide and a magnesium multiple oxide is the layer 
structureand it turns out that the basic skeleton in a crystal structure 
is maintained also by ionic exchange. 

[0094] However in the XRD pattern of a sodium multiple oxidethe 
diffraction peak by a field (003) exists in 2theta**9 degree by the XRD 
pattern of a magnesium multiple oxide to the diffraction peak by a field 
(003) existing in 2theta**12 degree. According to analysisspacing d(Q03) 
of the field (003) of a sodium multiple oxide will be about 7 Aand 
spacing d(oo3) of the field (003) of a magnesium multiple oxide will be 
about 10 A. Thereforethe total thickness of four layers which consists 
of a Na layer (Mg layer) -0 layer-Mn layer-0 layer shows that it becomes 
thick by ionic exchange. 

[0095]This reason is explained using drawing 7 . Drawing 7 (a) shows 
typically the crystal structure of the magnesium multiple oxide in which 
drawing 7 (b) includes the crystal structure of the sodium multiple 
oxide containing the water of hydration for the water of 
hydrationrespectively. In each figurethe layer indicated up and down 
just like trussed structure is expressing the composite layer which 



consists of an 0 layer-Mn layer-0 layer. 

[0096]As shown in drawing 7 (a) in the case of the sodium multiple oxide 
containing the water of hydrationone layer of layers in which the water 
of hydration and Na are intermingled exist between composite layers. On 
the other handin the case of the magnesium multiple oxide containing the 
water of hydrationas shown in drawing 7 (b) between composite layersthe 
water of hydration serves as a double layerand existsand it exists by 
the appearance in which the layer which consists of Mg between the 
layers of those water of hydration was inserted. The difference in this 
crystal structure originates in the hydrophilic nature of Mg being more 
expensive compared with an alkaline metal. Thereforeit is considered to 
be the theory top right that c axial length in a crystal structure is 
extended by compounding the magnesium multiple oxide which carries out 
ionic exchange of Na of the sodium multiple oxide containing the water 
of hydration to Mgand contains the water of hydration. 
[0097] The transmission electron microscope (TEM) photograph of the 
above-mentioned magnesium multiple oxide containing the compound water 
of hydration is shown in drawing 8 . According to this photographthat 
this magnesium multiple oxide is the layer structure can check easily. 
The layer observed black in a photograph is a composite layer which 
consists of an 0 layer-Mn layer-0 layer. 

The layers observed white are a double layer of the water of 
hydrationand a Mg layer which exists between them. 

The pitch (the repetition length of a composite layer) of a composite 
layer is about IDA. 

This pitch becomes spacing d (003) of a field theoretically (003). 
In the case of this magnesium multiple oxidethe value of spacing d(oo3) 
obtained from the TEM photograph and the value of spacing d(oo3) obtained 
from the analysis result of the abo-ve-mentioned XRD pattern are 

abbreviated-in agreement. 

(3) Are the phenomenon confirmed by the experiment 3 experiment 2and the 
phenomenon which the composite layer pitch of the magnesium multiple 
oxide containing the water of hydration compounded by carrying out ionic 
exchange of the alkaline metal multiple oxide containing the water of 
hydration elongates is usedThe bottom which experimented that the 
reaction time of the ionic exchange in the magnesium multiple oxide 
synthesizing process of the manufacturing method of this invention 
should be investigated. Hereaf terthis experiment is explained. 
[0098]Firstit manufactured by the method of the following including the 
lithium multiple oxide synthesizing process which performs the 
precipitation process according to the above-mentioned embodimentand a 



magnesium multiple oxide synthesizing process in order to obtain the 
magnesium multiple oxide of the layer structure expressed with empirical 
formula Mg^MnOg. 

[0099] In a precipitation processto MnCNOg) 2 solution 30mL of the 
concentration of IM. The LiOH/HgOg solution which mixed LiOH solution 
150mL of the concentration of IM and 30wt% of HgOg solution 15mL is 
mixed at a stretchunder the temperature of 25 **it was made to react for 
10 minutes and the sediment was deposited. Subsequentlythe magnesium 
multiple oxide synthesizing process was presented with this lithium 
multiple oxide. Supply 2 g of the above-mentioned lithium multiple oxide 
in MgClg solution 200mL of the concentration of 5Mand it is made to 
distributeand it is a room temperature (25 **) predetermined carries out 
reaction-time time stirringand this synthesizing process performs ionic 
exchange. Four sorts of magnesium multiple oxides which will carry out 
the above-mentioned predetermined reaction time 1 hour6 hours24 hours 
(for one day) or five days were manufactured. 

[0100]X-ray diffraction analysis by the powder method using CuK alpha 
rays was conducted to the above-mentioned lithium multiple oxide and the 
four above-mentioned sorts of magnesium multiple oxides. Each XRD 
pattern obtained as a result is shown figure 9 . 

[0101] In the XRD pattern of the lithium multiple oxide hung up over the 
bottom in drawing 9 . By the XRD pattern of each magnesium multiple oxide 
in which the reaction time for ionic exchange differsthe diffraction 
peak by a field (003) exists in 2theta**9 degree to the diffraction peak 
by a field (003) existing in 2theta**12 degree. Howeverby the XRD 
pattern of the magnesium multiple oxide which performed ionic exchange 
of 1 hour published to the 2nd stepthe diffraction peak is in the state 
of broadcloth from the bottomand it turns out that ionic exchange is not 
completed thoroughly. On the other handby the XRD pattern of the 
magnesium multiple oxide published to the 3rd stepthe 4th stepand the 
highest rungthe quite sharp diffraction peak is obtained from under 
ionic exchange ****** of 6 hours or morelt turns out that these 
magnesium multiple oxides are what has completed most ionic exchange. 
[0102]From the result of this experimentthe reaction time of the ionic 
exchange in the magnesium multiple oxide synthesizing process of this 
invention can check that it is desirable that it is 6 hours or more. In 
the magnesium multiple oxide and XRD pattern in which the magnesium 
multiple oxide which incidentally performed ionic exchange exceeding 6 
hours performed ionic exchange of 6 hoursit is thought practically equal 
that there is almost no difference in a crystal structure. 
[0103] 



[Effect of the InventionjThe magnesium multiple oxide for magnesium 
rechargeable battery positive active material of this invention has the 
layer structure which the crystal structure mentioned above. Such a 
MANESHIUMU multiple oxide of this invention serves as a good positive- 
active-material material which reversible occlusion and discharge of 
magnesium are possibleand can constitute the rocking chair type 
rechargeable battery which used magnesium as the career. 
[0104] The manufacturing method of this invention which is a 
manufacturing method of the above-mentioned magnesium multiple oxide 
compounds the alkaline metal multiple oxide of the layer structure as a 
precursorand compounds the magnesium multiple oxide of the layer 
structure by carrying out ionic exchange of this. Since such a process 
is very simplethe manufacturing method of this invention turns into a 
simple and cheap manufacturing method. The magnesium multiple oxide of 
above-mentioned this invention is used for the magnesium rechargeable 
battery of this invention as positive active material. 
The rocking chair type rechargeable battery completely new type which 
used magnesium as the career is realized. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] ln the experiment Ithe SEM photograph of the lithium multiple 
oxide compounded as a precursor is shown. 

[Drawing 2] In the experiment Ithe XRD pattern obtained by the X-ray 
diffraction analysis conducted to the lithium multiple oxide compounded 

as a precursor is shown. 

[Drawing 3] In the experiment Ithe SEM photograph of the manufactured 
magnesium multiple oxide is shown. 

[Drawing 4] In the experiment Ithe XRD pattern obtained by the X-ray 
diffraction analysis conducted to the manufactured magnesium multiple 

oxide is shown. 

[Drawing 5] In the experiment Ithe produced charge-and-discharge curve of 
1 cycle eye of a magnesium rechargeable battery and a two-cycle eye is 
shown. 

[Drawing 6] In the experiment 2each XRD pattern obtained by the X-ray 
diffraction analysis conducted to the magnesium multiple oxide 
containing the sodium multiple oxide containing the water of hydration 
compounded as a precursor and the manufactured water of hydration is 



shown. 

[Drawing 7] The crystal structure of the magnesium multiple oxide 
containing the crystal structure and the water of hydration of a sodium 
multiple oxide containing the water of hydration is shown 
typical lyrespectively. 

[Drawing 8] In the experiment 2the TEM photograph of the magnesium 
multiple oxide containing the manufactured water of hydration is shown. 
[Drawing 9] the X-ray diffraction analysis conducted to each magnesium 
multiple oxide which the reaction time for ionic exchange was changed 
and was manufactured in the experiment 3 — each obtained XRD pattern is 
shown. 
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W^mfiXiCL i Co02T-a#n^'J^'i7A=l/\';Uh^ 

jf-tfj-LN^MH (coS) -og<7)iiiic< ujiuas* 
nTt^s„ *5gB^®^-?'^v":7 2A^#^<b!|*itDiiss:Sjg 

Mg)i(cM*^*3ofcieB^B*ijg^^-r^o fcfcL. 'J^ 
gMlc&M-rs^^^*->'i'AS?<D«:*:l)t». L i Bl;: 

[0 0 2 31 :ismma)-^<f^i/'yLM^mmi^'TmT^ 
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r^m? (b) ^c.T^■rJ;•5^c. oji-Miii-oji,»:t^ 

[0 0 2 4] *i?B^a)^^^^v";7Lv^^K<bia^iEfiss 
%)M<S: LTffli^fc^^. jtaiCcfc-^Ts -^^f^-yyi^^ 

isa^zmmr^. ^fcSt^^tcj*. ^-jf?o>r:7/*'r7i-> 

6T'?'^^->"j7i*lcM*^-pfc/-£l:)-0)jH,^l?^^o CCD J: 

[0 0 2 5] (c) 

±ilS L <fc 3 ic . B^O) y"?'^^ -> 'i' L>^^M<k%lli. 
7j<W7j<^^?Ji|Sj5EieMgxM1i-yM2y02- n H2OTS 

BK^IM g xM1i-yM2y02T^*n«'fea)-?SoT*><J: 

ftt'^aimiCM g xM1i-yM2y 027^**15*. ©TfeScl 
[0 0 2 6] Slrv'^^^^.v/'i^A-^Jcm^fetDitfiKtD^TB 

IC. 7k«l7jc«^#S^t^fflfi£ieMgxM1i-yM2y02TS* 

(2) ^<f^^^y'yAm-&mim<nm-^yDm 

[0 0 2 7] (a) Tfvt>'j&mm-^mim-^0sa:m 
Tiuti') ^mm^mm^mjimit. mmi(. a z m i i-y 

M2y02SrcttA2M1i-yM2y02- nH20 (MtTlVtj 



'j^)i*^estfti«'i>«:< tt, 1 a ; Mn*M n. F e 

^M. A I A^eiM^n^'i^^ < tt. 1 a ; O < x ^ o. 

5 ; 0^y<0. 4 ; 0<z^1 ; n(*0. 4~0. 
iii«ji*«-r«7';U*'J^S^^i6<b!|4B*^fig-r«o c 

[0028] ( i ) m-(DTn^ti 'J istmm-^mim^^ 
T.m 

M2^:i<.m^t. AOH^ H202^mmzmm LfcT'Jl/ 
A iJ^S7kK<b%lH2027Kj§jS<!:^5g^LT-;i^-;§iSi: 
U ^jl^5ijStflCffiJ3iiCAzM1i-yM2y02« n H2O 

[0 0 2 9] ±iBtiTa5IglCfct^T. Miagih^^MI^ 

MI^F e<!:-r5Ji^tctt. ffi'^Sfe. SS^I*. f^^tS^I? 

■&LTfflt^nj#J:tS ftte, M1«^Mn*sJ:lfF e t-r 

KfbtjillCfcnt^M n ,!: F e twmfiKfJ^lCBSUfciiJ^T' 

[0 0 3 0] MICD+J-'T hOD— gB^M2T-M^-r^li^v 
M2^^'r * > <!: r ^^^Zklc-;^^*^^;: M2^i§jS* 

^<»:Ir1«(c. M2ag<!:35:-5M2^^'r7^><t■r«ietl^ m 
[00 3 1] ±immm-f:!t- >tr^i^tsj:xf ±BM2 

[0 0 3 2 J MKD+tf h-<D— gP^M2TS^-r^^^. 
M 1 ^7k-S>S t M l^^mm t ©S^Jtli. mtM2t<D 

t;UJ±6\ if J:3fr^7';U*U&S}i#^<b!iao5$§fi)6 
AzM1i-yM2y02 • n H20lcJ5CTv 1-y:yi:35: 
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•5 Djflg14Ai>fe ^ S -So 

[00331 T)Utt U ^Sigt LT»*. Tl\/t> U ^S* 

<!:LTH2027kJt-;S^fflt^S<Dli. *i§1t<DMl2+^:F 
J§ttODMl3+lJ:K{b*-l*«rc*6T*S= CG)H202*-;S 
•;Sa)51Sli. SlBCD^^tt^%^. AOH^-/§<SLT7' 
'>)#)l*M<k%H202*:j§-JE<i: LfcSS^lcfct^T i 

~i o\N t%tis:^^'bts:mmtr^^tts^m^n,\ 

$fcH202*JgjS(::-J§<K*-B:«AOHOSiigtt. 1^— 

[0 0 3 4] 7';u*'J&««^K^b1^J^fiExg^c^J^.^T 

fix igB^Bl4#«aiifT-7';u* iJ^JS#^fi<D^l,^«*4^if 

L i t-rSliSt^L i zM1i-yM2y02S/cl*L i zMI 
1-yM2y02- nH20T-a*n^'J^'i7A«-&K{kia* 

Mli-yM2y02' nH20T^3-tl«'J^'>i*«^lKkia 

W> 7';UA'J*S*Na<!:-r«l§BE^NazM1i-yM2y 
02$/cttN a zM1i-yM2y02 • n H20TS*tl%:^ f> 

liT-^U* fJ^m^mimmtN a O H^SLV N a zMI 
1-yM2y02- n H20TSl*-nS'J^'?A«-&Kfk!|a* 

[0 0 3 5] *«TttJXStcfclt^M1^*:j§JS*>d:t)-M2 
ffiTkSjR t T'/U* 'J #S*K<k%l H 2027kS5S t <DS^ 
fj^lis if J:5<!:r^7';U:^U^Jl^-&M{k!f!iiroiSafi£A 
zM1i-yM2y02' n H20l::jSL:rig^t'-S, fcfcU 

(M1 + M2) : A*f<t;UikTi : 3~1 : 1 OODSUB-i 

±iB»)aSH*i^n^li^li. M n 02®i'J*S6^^fi)6* 

n^a^ti^sUx «fc. 1 : 1 o^mxT±t&wmsim 

^^tl^m-&i^ii. MnW— gBAMfffi^T-^fk^n^ L 
i 2M n 03««sU^'r^pJHgt4*^S*)b^6Tfe^„ ^cfc. 

Smtf, (M1 + M2) : AflS^iUitTI : 5SJgi:«: 
^<i:5lcS^-r^c:i:3b'^<i:f M$Lt\ -SfeS^lc. ±15 
»jS©H©S^iiJ^TS^-r^li^tc*5t>T. T'yU* 'J 
^SA:&L i fr^t^lCttlSfeO. 4gz^0. 7 <!: 
^^U^-i^AKa^K^kteAv T'yU^g^SA^&N at-r 
*i*lctt«lteO. 2^ 2^0. 4<!:3S:*:^^U■J'i*^ 

[0 0 3 6] ^t/fabxigTt*. m^mmt. 'ij^tc 



H2027kSi!at^JS-lc-S^-r«c:<!:lc«toT?T3, s 

SA^e. 1 0~3 0°CT'fT3®ti«ilS Lt^ ^fcx 
SiStt 1 ~ 3 0«Fa?TjH* J: < . Jt«fi*)ffliSftXStft 

So 

[0 0 3 7] MKO+^-'f t-<D— gP^M2T'M^L/i:7';U* 
U#S«^^ik%=&^fiE-r*li^. M1^*-;§5S. M2« 
*JS5S. T'^U* U ^S*K<k!t48 H 202*?§)S<D 3 oa):!k 

tJ U*JS*K{k!BlH2027kj§5Si^il^-r«^«ISoT 

*,<i:L\ LtcH^-oTs **/ftilXiSlcfcttSj§5S©S^ 

[0 0 3 8] *«rajXiglCt3l,''TtfrajLfc7';b* 

MgxM1i-yM2y02 • n H20«:S)t L J: 3 .kf SJS^ 
ti, StieiKBilLTif 6nfcA2M1i-yM2y02- n H2O 

«!il^fiEX@^^:«■rntfJ:t^. 
[0039] ±i3«f iiiXg(cfct>T«TtiJ LfcT'y I/* 'J ^ 

m^^mtmt. mmcit. ijafi)6iCAzMii-yM2y02- 

nH20 (n(*0. 4~0. 6) TS^n. *fQ7k*^ 
A/TL^So 7kfP7k^^$^l^Safi£ieAzM1i-yM2y02T- 
aT*-tiSZ;U*'J#M:g^^<k!t5l^^BE-rsli^. Z/U 
*'J&S^^M<kl!!8^fi£Xigli. ±IBWtllXg^. mth 
^©-S^JgjSf ^^:fct^T 7 0°CJX±oaST'fSlj£*l+S 
^kf»Xg^^A.T'^SXig<t-rsc:<!:«'S$Ltv 0$ 

[0 0 4 0] «lf rSS^O^ UJAfiXSM^ 7 0°CJ.X± 
tr^<Dit. 7 0°C5tS^<Dii^tt. ISfiESlSA^jltTL^: 

6 JS: S ^ 1/ * 'J ^Slt^Kf k*!!! ^^fiEf S 5 iti*l^ 
*5l.>Tx 5»fig-Sgtt1 2 0'X:WTTSSCi:*i«2$L 

t\ 

[0041] ^fi)6*-fetS^P^«. IftfiKSgllW^ftlcJ: 

l§7^t.Sftfi£*?T3Ci:l*, T'JU^'J^S^^K^kiiai^ 
BKXS^«:^5l*S»frcti::o^*«5,rc4{>. T*sr£ 

[0 0 4 2] mmt. mit^mcii. m^it. p/r^<DSs 
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»ig*-^T6^S12y air i 3 LT^75 s: tiS^T^^o 
tzIEL. ^figiggfi«1 0 0°Cf4jfi*StM*1 0 0"'CW± 
t ^5:^ i: jl^-SjSgfl!:<D^#g6'!Pp5M <!: ^ ^ /ci6. il ®?§ 
jS(D^ig^Riihr'«. 1 0 0°Cf^tiaT'lijl3Sll^l::<fc 
oTv 1 0 0°CJ.X-t<»:«:«li^l**- l-<7ly-y^m 

[0 0 4 31 *7klg^xs^cfcl,^T^i6nfi:7';^*'>l^H 

^^M{b%«. 7kfa*:*^^^*nft$il$jCAzM1i-yM2 
2<omt^0. 3^z^0. 7T'*S^^. ^fiESJgSO 

[0 0 4 4] ^TkiVXigtCfctTt. 7ka**^*^L'> 

*V^7-^.->'i7lvS^K<b*!i)^BXXiStc«t-n«'J:t\ 
[0 0 4 5] J.X±. «TJlJX^fcJ:l/'i^li:/S;i;TtT37k 

^xigt^^o ^fc. 7Kfa*^i^^t-^±IB7k^xiS^ 
mmr^m-^^t. ^fiEi-nsz^b^u^sa^^fbiaa) 

^Sb^bI^*^ cfc t» t W i: * 6 d (Dimj-mtm. 

r>T. TkJ^XS^gRffl-r^JS^T'SoTt. ^7i\^tl*i 

htDSt^^fiKxgt^&So 
[0 0 4 6] (ii) m-©7'/U*'J^/l^^M<b!|»^fiE 
Xg 

tf^'C^Tt^MI^M n <!: LJa^iCM g xM n i-yM2y02$fc 
ttMgxMni-yM2y02 • n H20TaS'tl-i)^^"^-v"i' 
I.1t^Klb!|4s«iaiir«Jl^TifeoT, A^o. BulE»<!: 



i 1-bA' bM1l-yM2y02S/ct±L i 1-bA' bM1l-yM2 
y02- nH20 (A' ttL i :S^^< T'^U* U ^Mft^S^ 

«'tiS'>35:< tt. 1 a ; 0 ^ b< 1 ) TS*txy;u* U 
^s«^Kfb%i^^^-r^^#tci±. 7';i/Ag^ss^ 
SE{b*5i^fiExg t LT. 'j!fi.<DtmaiT.m^mmr^ z. t 

[0 0 4 7] -i-CDXgJi. A' M n 047ki§jSi: L Mb 
<!:. BufB>l-&7>:>§-5g^J!)PSiLTilimiCL i i-bA' bMI 

1-yM2y02 • n HzOTmi^n^yivti'j^m^-^Mit 
gBm-o7';i/Au#Jss^K^bia^fl6xst Italic. 7k 

j§ jlS*^ 6 t^JftrtiJ <t l>mfiE <t 3 SlS^f Uffl L.T t> % fc 

t^^fiKXgi:^:*. 
[0 0 4 8] TkJgjRlSUXStt. ^>«>tiJ:t^7';U* 

L \ it^<mL^. m,i:vtT^L il-bA' bM1l-yM2y 
02$rc»L i 1-bA' bM1l-yM2y02' nH2O0!)L i 

/A' 0)iffli5£tkicfSL;fj:aT-;g^-r^xgT-*^o o$ 

M#©-;g-&i"J^lix L i it^'PCDL i tA' Mn 
04*03 A' ilti^=E)U^tT^ -b : bi:«:5J:-5e:SiJ^ 

[0049] L Hb^tlihA' M n 04i:<DSf5li*it 
•;R4'T?7*)n«f=46. L Mb^*Slli*S14T» sets' 

tttTJgf^'i'Zxfb^fRiliiLTt*. m^ii^L i C K L i O 
H. L i NO3. mm^J^OIx. MK'J^-^A. SHU 

fc\ A' M n 04*5t-/K<^»;sSt*v 0. 1 M~0. 3M 
glST-feS il <!: JiyMS L < . L i it^^^TH^m 

i: LT-S-&*-&««^. ^©L Hb^7k)Sj«<oai)g 
It. 0. 1 M~5MiSS<!:-rs<0*^a* 

[0 0 5 01 dciJixgtt. ±ias^7k-;§-;««F;i^sigit 
aj*-e-T^js-rsx*iT-fes„ mm7iimMs.Ti:\ i 2 

0 ~ 2 5 0 °CTft^P^*HtT^T-5 C <!: Ai^ii^ Lt^ linSl 
ig^tiM 2 0°C*3ITliA' MnOAtL \ it-^^t(0 
EJSft'^jiS-rs 2 5 0°C«S^5iKfSlflC3b^A^*aX 
h*^±^-rSfc«)»$L<^l\ J:Ua$L<l*. 2 0 
0°CJ.XTi:-rS£D3b^J:L\ *fc\ 7K-;§5S<7)^5^«-jatt5 

[0 05 1] ^B)tT*-n/j:7';l/*iJ^B^^Kfb*!3«. S 
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[0 0 5 2] 7kflftXg^^7LT^fi£*n/c7';U*'J^ 

mm^mtmt. ^fozk^^a^. m0&jS.L i i-bA' bM 

1l-yM2y02- n H2O (n»0. 4~0. 6) T'^t^n 

^^$^t^Sfifi£5eL i 1-bA' bM1l-yM2y02Ta;*-tl 

SlXiST'^figSnfciflfiESIL i 1-bA' bM1l-yM2y02 

• nH20Ta*n«v';U*'J#S^^K<b!K5=&JDSiL 

[0 0 5 3] c:(D)4al^Bft7klS^?T31i^l*v 10 0~ 
2 5 0 "CODSSTfrfctl^ d ^3b>!if * Lt\ )!tok®fcA6 

2 5 0°C^@^^t?#en^^7';U*U#H^^<b!t!Sl© 

^B^B^iiA^sttA^e X tf wiit ic$£i^-r ^ <t 3 
[0 0 5 4] (b) ■^^%=^oun.-%im.\m^mxM 

:S^M{b%l^^iEXiSTlf 6nfc±iB7';l/* u ^S^^K 
<b!H!l^ M g ^7KS)R«PT"r:i- VSffiS LT. ^^^'yOU 
S^M<b%l^^fi£-r^XS-eS^o O^U, HU^<*Tfc 
ST'yU* 'J &M^^^<b!K)'t'<D7';U:t7 'J ^m^^^f^^-y 

^efb*si*^B8-r sxiSTft So 

[0 0 5 5] :^T.m7:'mi^^M gi^yii^^COmmttSi^ 

^mmrrnt. mAf^^'^--y:fU (Mgc 12) =&fflc^ 

[0056] M g t§*?i-;iSCO;lJgl*. 1 ~ 5 MglgfT 
Sc:<!:6^M^ Lt\ C(7)<ifjl®Hlc<7)ta)<!:ibSJLTx 
1 M*gS(7)Ji-&T'li. T'yU* 'J &S A <t: M g tW^^Ai' 

ffitt^BflT'feS*\ «SB^B3B<-S«-rs C <!: *'«»«*^6T'» 

So 

[0 0 5 7] *x:g<Daf*Wfe:&5£li. l^lcRS^-TSt, 
<DTtt«:<. fflJ^l*, ±fBMgS7kJS)Sft''AofcmS© 
SSpgic. ±fB7';U:^ 'J ^M^'&^^biKfl^SA LT5JS!i 



[0 0 5 8] 7';U:^)'>l#M^-§-^lb!15!ICDJSA««x Mg 

A<r^;UJtT-M g:A = 10:l~100:l tfeSM 

If. 7';l/*';^S«^K<biKi«!^-r^SJi^li. SStt 
^WT'feS6\ Sajb-jg^f SpJtgltjb^^U. T' 
;b*'J^H4fi^Kfb14[l«">*-r^S*l^«, -r*>32«S 

[0 0 5 9] -^':j->3^^^^T5li^<7)Sl^:SS^*, 2 0 
V. Jfl)$ftxg^5i«■rs<?:t^3,■s^%l[-rn^^v sts 

6~2 4^F^JiJgi73 Z. Lt\ 
[0 0 6 0] *XS*ST?i6nfcV^*2/':7A«^K 

itmt. sjs*^s7';u*';^M^#^<b!K!i7bf'7kfa3j<^ 

#fc-MfiEiCAzM1l-yM2y02- nH20Tai-nSt© 
W^^tt. *jfa**#tr«i«ieMgxM1i-yM2y02- n 

H20T-S*nSt.<D<!:%yv SfS^-ttST'yb:^ 

«^l!^b%lAvX«l7J<S•^$feL^^ffl^i)tJCAzM1l-yM2y02 

xM1i-yM2y02Ta*nSt<D<!:^So 

[006 1] BulE<*T-*S7';l/*'J5feS^^^fb*5l<7)JS 
B)tiCAzM1i-yM2y02^fct*AzM1i-yM2y02 • n H2 

fbiRa WSSbEiCM g X M 1 1-y M 2y O 2* fc I* M g X M 1 1-y M 2 
y02- nH20'\>(0x (Dm t(Dmmt. iliEsfe^TtD* 
XglcfcltS-f ;j->35JISlcJ:oTA<»:M g tS^Bg^^ic 

3e^-rsc:<!:6^6. x= (1Z2) ztrji^o 

[0 0 6 2] mm^mmT~$>^^'tf^^-y'yum-^mim 

ODSiBKiCM g xM 1 1-y M2y O 2* /cl* M g X M 1 1-y M2y 02 

V^#.->'i7X>,:^^M<b%(CfcltSM gCDI^SfJ^^ 

S^KfbiRBrofflfig^ A zMI 1-y M2y 02*fct* A zM1l-y 
M2y02 • n H20ct'<Dza)<is O^U. T'yU^'JffeMA 

©???5i"J^^a> h p-;l/-rn«\i:tv z cofii^ziv h 

M^^K<b!ti!!)^^xs^?^^if<fct^o 
[0 0 6 31 *Xg«^ieiT?f 6+lfc^-i7^->'i7i*1S^K 

• iftste'Riflg^^^^i/'^ixit^Kfbteii^So sfc. 
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5lMiEffiS!|5B«tl*4<t f n <fe t\ 
(3) ^'y^->';/i*-:»:®5fe 

[0 0 6 4] (a) lE:^ 

[0 0 6 51 iEmcDmn&mii^mur^rc 

®i^-§^©-p§S'Jlcli. N-y^;U-2-ti°PU K>lf<7)W 

[00671 (b) 
•Siti!!lS<!:«:S^^"*->'>i»«^K<b*!!l<OglB^tS<fe 



g-A|3^^^. Mg-Zn^^&. Mg-Mn|g^ 
[0 0 6 81 ^Sv''Jf^->'>L.$fc»±^-5'*^^->'l7A^ife 

[0 0 6 91 (c) S^jS 

[0 0 7 01 ^mmm.mmtr^m-^. ^ni^trs^^ 

<f^-.i/':?Umzit. Mg (BF4) 2v Mg (PFe) 2v 
Mg (C I O4) 2^ Mg (CF3SO3) 2- Mg (A s 

F6) 2«*^i'^^i^<t*i''T-^o ^tc. mmmm^it. #f 

\'(Omnit LTlix^bvA-*"^^- 3^Ptf b 

v>x^;U*-*4s.- ;<^;Ux5^;U 
h^*\ i^WxXT^^KDCiJ^t LT«*f>? 
:?>p5->hV. ;dr>v/<fU'P5'5' h>l?3bv ^«x- 

►-^t FP7^>II*\ ^«ex-x/^cDelJ^^<t: LTliv*" 
h+v'X^V. X^UV^U=1-;U->'P<^;UX-5F7I/ 

0. 8~i. 5fAfr^z:tiy'm^Li\ 

[0 0 7 11 ^mmm-^tt^m-^. ^^t^tisi^^^f 

ii^'^OL,mz\t. Mg (OH) 2> MgC l2s Mg (N 

O3) 2^^ffll'^^i^'t!t)^7*^o #Mv"?~^xV";7i*feS 

Tx ^<D^®«7)^<b (®<b) ^RSihT-#Si:t^-5fU,-S5- 
^■rSSlilft^e. ±fB3£ltieO!)*T't. Mg (OH) 2 

[0 0 7 21 $%^mmmm^m\.^i>^ 'j -y hit. -^^f^ 
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LfcttDT-tt. *?1 1 . 1V~*S)3. 0 VtDP^T'?Efi!tm*i« 

[0 0 7 31 7kis®»js*fflt^*^ 'J y hi*, ^©e^ 
[0 0 7 41 (d) 'iromo^mmmmm 

[0 0 7 51 :*imm<D-7'^^-yt;L.-^w:mt. ^<Dm 

[0 0 7 61 *58BfltDV^#.->'>£.-35em>fel±. 
o T t . -> A^tt^fttf T'5S ii'^T^SttT- 



<D«fi*P^M*ti. x^;U4f-!B)Sx /^^-S&Jg^tc® 
e^<D^ ^^'^^ -> "5 A - 3i?m>fiiESS!t!Sl«ffl ^ -> 

[00 7 71 

(1) m.m^ 

fflfiEiCMgxMno.gA I o. 1 027a*n^^«:^)t©^ 

XSt. V-5#^^->17A«^K<b%^fiEXiSt:&#^T-^ 

[0 0 7 8] */rtliX^T-li. 1M<D;g)gcDMn (N 
03) 2*5§SS2 7mLi 1 M<D;l)g(7)A I (N03)2* 
■SiiS 3 m L <!: L. C (DM-^mmc. 1 M©;E)g<D 
L iOH7jcj§jS[1 5 OmL t 3 0wt%OH2O2*?iiS 
1 SmL^-S^LfcL i O H/H202*-;§-;S^— ai^S 
2 5°C©S®T. 1 0»P^Jgj;5;*-&T;tift!K!l^«T 

O.SMno.gA I 0.IO2 -0.45 H20Ta*n*'Jf' 

[0 0 7 91 ;^^t^T^ c:<7)3tPMa*srs^o5i^*-;s-;a 
T. 1 5^p^iaBE-r^7Kf^xig:&'<^ofco ^mxm^. 

M n 0. 9A I 0. 1 02T'S*n« 'J ^'?/»S#Kfb*!!lT-a6 

[00801 CroU^-i? i»«^K<b*!!l©*SM^^i8S» 
a (SEM) i:»^|2lUC. f-LTCuKai^^fflU^rc 

0, OOOeOSEM^KTSS, 

[00811 m^ ©^•n^'ti«)¥M*^6*'j«J:5ic. ^# 
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<3D3>ff|g6^¥*9T-S«) 7 0 n m. mtEH^W-i^Tm 5 n mT' 
&^Z.tt)mmT'^Tco Sfcv 02<7)XRD/\'-$»->^ 

[0 0 8 2] COfflfiKlCL i Mno.gA I 0.lO2T'a# 

JgWMgC I 27kSjlS2 0 OmLtflc. ±iB U ^ -17 Zxit 
^K<k!|5!l<D2g:&iaALTim*^. MiS (2 5°C) 
T\ 1 0^P^^^$*-yT^'5|->3^«S^^T5t<DT*^<, 

m0Si^m<DfSm. fflfiE1CMgo.5Mno.9A l0.lO2T^ 

[0 0 8 3] zo-^^f^iy!? um^mimo) sem:^m 

lE]»f«-«fOie^?f6nfcXRDM°'5!->^lil4lC. ^tl 
^nS^To -e^^-lc. 031*. 2 0 0, 0 0 0<g<DSE 

[0084] El 3 ©■€-n?'no¥m3b^6*'J« J: 3 ic. 

snfcT -> /*it^^<b!RB«. BSAft ««c7) jSa^B*a 

ftao9«ft«««^lST-!!!«)7 0nm. ^Tt-iJ'^l^T*?) 5 n 
lcJ:oT. *v<7-^->':7A«^K<b!t58ro:SB^B*iii*\ A 

ic5^-r 'j^-^Affi^K^btarox R D/'f^-viittj-rs 

[0085] E12(DXRD/<4i-VtJj:lf04©XRD 

/\°-S'-><DiS5#<!:t. 2 0= 1 B" (\simn^dtr 

*x j-xT(^fii) ^^ri^^^:^*. ^n^nro^^^fb^ugp^BW 
(0 0 3) micjz^mifik^-'^i^^^T^o mm(Dm 

Bijigf*;TS-5'J5^'i'A«^^{b*!S<D (0 0 3) ®<0 
EF^PSd (003)1*4. 7 0ATSr>*J. ^-i^O UB. 

^Wimay (003) SO)® F^PS d (003) »* 4 . 7 5 A 
T-^^fc, Lfc««^T, c«i:^(pl«>«?i£iH (L i« 

(Mgji) -OM-MnM-Ojl6^3lE](D^yjl?nfc 
ft*) 'J^-i^A^^K^biiaitfM 4. 1 AT-^^JPfL 
T. ^^f^-V-i^ix^^SKbiKsAf^l 4. 3At*«„ 
ilctl*. iJ^-^ivS^K^biKlfDL ijllci?S-r^L i«< 
-f^tVSSlftlcJcoT^SiiC^ (ll^-Sa):fe$t^) MgM? 
icM^gitoSCltT'. S*'i"*S**i^Loo. Mg@- 
O H - M n M - O g U il S-nS Jltt^git <D-7 -Jf * -> 



[0 0 8 61 (b) ^^^->':7/»-:3eS5fe<DfPS 

•7-?~^->'i'Affi^ffifb%)«iE:^-S%MlCffll.^/t^-?':?-.-> 
•^Ax-^JC^Jte^ftSL/co iE^t*. JIflfiKiCMgo.sMn 
0.9 A I 0.lO2T'«*nM«:^it^Wt-^±ia^i'^-> 
•5Ii.^^lS<b!|a0 7OSMgPlc. «m«tLTy->^x 
>:f^-y'j7^2 5a«g|5. SSSSiJtLTT^^PV^Sfi 

2 M mCDT'^U 5 - ■i' /*?i^tt<*:<DaStC»Dff fiEHJ LTiE 

^l^«a)Jl;*-<)<5 0Mm<t3&^->-h^fPSL. ;^I:t^ 

[0 0 8 71 ±n.iE.m\,znt^-i£^i:^%mTi\,t. ±m^^ 
^^'^'•pL.^my.^tco ^m^^f^^-yyi^it. ^*o. im 

m. ilgl 5mm<p<Dt,CD«rf^iyLfc. ±IBiE<l<i:^ffi 
i:<DFai::fl{S'r5-tr/\°U— Sflcl*, J?*l 0 0A<mcD^ 

-{r-X (2 0 1 6S) IC. ±fBiEfiS. H2/\°U-'S' 
S^^ffijggWMg (OH) 2*-;§jS^ffll-^r£<, 

[0 0 8 8] (c) ymmMmt^<f^-i^0L.-:kmi^ 

fc, TEfiStmiS^l*. 6V$T-^3S®S 
0 . 2 5 m A / c m2£D^m3ST'?Sll^fTt^. i^lTN 
SfUJ^lh^BE 1 . 1 V«TS3iEegS0. 2 5m A/cm 

[0 0 8 9] CCD3^»mSE®l<7Digm<hLT. 115 It. ± 

6m<fc3lc. ^V-(<7JVS^t. 3=E®§fi*^!^4 5mA 
h/g. SScm§»)b>*55 SmAh/gT-^-^fc. cKOg 

U 2*ff -^/UST'l*. JE^SS, Sit^SSttlc$?)4 
5mAh/gT'fey. §aMl*S<!:A.<t:???S LTt^^ 
t\ SStLTt^^t^ftv 3 ■y-'T J-XKt. 2-9--f^ 
;Ug (btStJIBlIf CDSa^n^ LTt^-So 
[0 0 9 01 iI©ieS3!)^6*'Jllirtlt*. 

v";7/x^^^^b^5iE^ss!t^5lH^crat^fc-^5^:s^teT•^*v 
ftiiLfc^-i7-^-.->'i7iv-;^cttJte(*. ^■>*^-->'>A^*-\' 

(2) IIM2 
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[0091] :M« «j •tfL.m^m^m-^mx.micisif^ia 

ajIgTtt. 1M®Sg®Mn (NO3) 2*SjS3 0m 
Lie. 1 M<7);0S<ONaOH7k-;SjiS1 5 0mL<i:3 Ow 
t%a5H202*>§-;g1 5mL«'jl-&L/j:N a OH/H2 

02*j§-;s*— s;ic-s^u 2 5°c©sgT. 1 o^jp^ 

♦/r<7)Je^. J^fiEiCNao.3Mn02 • 0. 5H20T-^* 
tco *^fi£xati. 5 MOiiSOM g C I 2*j§-;K2 0 

T^-fit. (2 ST) T\ 1 ommmt^^^T^ 

go. I5M n O2 • 0. 5 H20T«*+l«t.<DT*-3fc. 

[0 0 9 3] Bu^i*T•»^±fB■:^ h U OL.m-^mimtS 

LTc u K all8«ffit^fcl»5l5^6^eJ:«x$g0^ff^^*/f«^T 

O2 • 0. 5 HiOX'B.itl^-)- h u dv^^Kfkiaox 

ROli^->^ TNa^j iiSliEiCMgo.15Mn02 
• 0. 5 H2OTa*n5^'?"^^->'i7Z*^#^<b*5l(0X 

^K^b%fcc»:t>"^'?-t^->'^/*^^^<b!t«5K0U>-rn(^SSB^B 

[0 0 9 41 tZ.^t\ ±i-'JOL.m-^mit'&l(DXRD 
2 0*? 12'' IC. (0 0 3) 
J/r fc - *i^??«E-r ^<DtCjt4 L> y' v- O /x^^M<b% 
a)X RD/\*^->T'«v 2 0=9° IC. (0 0 3) ®lt 
<fe*[£lJiTt°--^*i^??S-r^o <S4JTlcJ;ntSf. :M-'J'^Zx 
^^SHbi^SO (0 0 3) m<DmiiVSd{(to3)ltif37 f^t 

rs*j. -^^f^^-yyL.m-^mimo) (003) m<Dm?sm 

cl(003)«**)1 0 Ai:^^o L/cft^oTs Na^ (Mg 
m) -0®-MnJi-OJgA^6^-54B©^H-Ji[*6\ 

[0 0 9 5] C:<DSd&^. E17^fiJfflUTiHB^-r^, @ 

7 (a) 7i(.mTic^^tsi-h'j'>L.m-^mim<Dis& 
mm^. my (b) ^m:ii^^ts^^^-'>oL.m-^ 



[0 0 9 6] Jkm^^^tsi- h >j OL.t^-^mimo^wi-it 

it. S7 (a) tC5^-r<t5lC. 1t^^<7)P^ti:*jHl*t N 

7k^^t?^^f*->':;A^^M<b!K!ia)«^tt. 07 (b) 

ffiU ^n8«)7kfa7k®li<DF^lcMg*^e^^Ji#^}fA 

rsc L/i:««oT. *ffl7k«#t^:^^-u•?A«^K^b^Sl 

[0 0 9 71 ■&^Lfc7j<fl]7k=&^ti±iB^'f"wt->'l7A^ 
^Kfb*!!i<7)^igS«?li?am (TEM) E8ic 

ODPatcSffi-rSMgiSTfc-S. Ifi^Srotf-yg^ («^S 
©i^yjILfi^-) I*. 1^1 OATStl. clOf-y^t*. 

sis± (0 0 3) m<ommmd{oo3)t^^. ^^<f^- 

Pid (003)COfii<!:^ ±HBX R D/\°-?->a)MtJfig^3!)^6 

msnrmpsmd (oo3)«o<i<!:iis bs— auTt^-So 

(3) nils 

IISI2lcJ;t)6i6^«>6nfc3S^TfeoTx 7k«l7k5-^CJ 
T'^l/* iJ^M^^^^bia^-i'^tvS^JIS-r^il iilcJ: y 
S6 Lrc7kfQ*^^t>^ -i? /*^^SE<b¥!!lwm^S t° 

[0 0 9 8] $-r. iiafi£iCMgxMn02T'aT*-n^Jl« 

*sis<7)^^^->'^i*^^K{b*si^{#5'<<. ±tEmm^ 

i:. ^^"^^->r>Z*^^^<b!KB^fiEXie.t*#/uT*SJW 

[0 0 9 9] t/rajX^Tli. 1M6D;S)tcDMn (N 
O3) 2^kSiiS 3 0 m L . 1 M<DiSS(D L i O H :H^m 

1 50mLt30wt %0)H2O27k-;S-;S 1 5 m L ^ig^ 
LfcL i OH/H2027lC-;§>«^— micS^U 2 5X(D 
jgJST. 1 04JPastE;*-^TSltll6%l*«Tttl#Hi-fco 

!Kl^fi£XlilC«Lfco *^fi)6XiS«. 5M<DjS)g(DMg 

c 1 2*-s>S2 0 omLit'lc. ±s&*j=f-'yL.m^wtim 

02 g^^ALT^Jii*^. ^-S (2 5°C) T\ F/r^<D 

5ISl)#p^^pa!il$*^^T-1':i->3S^ft*^T3t.a>T•»So 
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(iBF^) ^tcusBrntr^Ana^-^^f^-yyixm-^ 

10 1 0 01 ±ia'J^'^^fi^K<k!|«!)*5J:tf±iB4a<D 

[0 10 11 El9^c*Jt^TSTS^c«^f*'J^■^'/»a^ 

K'fb'RaCDXRDM'-S'-vrt*. 29=1 2° IC. (0 0 

gi(Dfca6<DS js^F^tf'MS ^^n?n<D V -> •^7 

^Kfb«5lO!)XRD/<^»— 2e%9"' IC, (0 0 

jatT-:pfcTA^6 3SB. 4l9:gj5j:lf^±Slc^igLfc 
^^:^->'i?/*^^M^b%<7)X R D/\'^->Tt*6^J5:y-> 

V - y %i2ij/f t - jb^i e nr *5 'J . c n e -> 

■?A^^^<b%ll*'r*>35^^««i:A.i:'^7 LTC^^t, 

[0 10 2] *l«B^CD^'?":^->'i7A 
^^^<b!|a^B£XiglCfclt^1'^>321$CDSi;SB#P^tt. 

[0 10 3] 

-> ZxM^Kfb^l*. V -5^"^^ -> W pliSW^iRM 
»^:iE«IS!iai«***4<!:%^. 

[0 10 4] ^tc. ±t&-^<f^'^'>L.m.-^mim<o&m. 
[Bill 



Jl«^K{b1Ji)*BulE<*i:LT^fi£L. dti^-f^vSESS 
■r^d tit J: y gtt*gjg<7)^-j7^^v"? AS^Kfbtl^^ 

±lB*f|B^<D?^^->'^i*a^Mfbia^iE@S!t!5l»<!: L 

[HSODM^^iftB^l 

[Ell mm H:tel^Ts BiJffif*^ LT^fiELfc >J ^ 

[02] lli^1^ct>U^T. BulgfttLT^fiEL/tU^^ 
AvIfi^M^bifaicM LT ?7 ofc X Jg|2l»f 5J«f <fc o T?f 

en/cx R D/\°'5'->^^-r<. 

[03] HKI ^cfcL^T. SitLfc^-^^^v"^/*^^ 
lKb*!il©S E M^M^jnt. 
[04] H^l ^^:^J^,^T. SjILfc^-J^'^i^-i?/*^^ 

®fb%iic*f LT'n^tcxm^m^miz^r^Tmsnrc x 

R D/\°-Sf — V^g^fo 

[@5] mmMZ^{.^T. ^Ltc^^^^ypL.-^ 

[061 mmUztSl^T. SligftibLT^fiELfcTkifil 

7k^#tr:^ h 'J 'i7/*^^^<b!iafc<l:y:tyit LfcTKfO*^ 

#t.-^ ^^.-> -i? um-^mtrnzti LTn-otc x ^^ajirij 
«Tie<»:oT?f enfc^n^nox R o/i^-y^^.r. 

m 7 1 7j<fa7k^^€>:^ h U -^7 A^^MfbiacDi^B^ti 
it J5 <*: l/TkfQTk^^tj^ -> -i? /*^^M^b!Rs<DjSB^B«l 

[08] ||g^2^Cfct^T. ©jiLfc*ffl7k*#tJ^^ 

^.^^■^^^^^{bifSiKDT E M'mM^mr. 

[0 9] ||®^3^u^5t^T. -r:t>5SJS<Dfj:a*<DJgC5B? 

itmcii LT^ofc xisg[Hij;T5J«TJ:oTii6nfc^-ti^^ 

n©x R Dy<^->*5^-ro 
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F^?— 46002 AA06 AB02 A002 AE05 

4G048 AA04 AA05 AB02 AC06 AD06 
AE05 

5H029 A J 01 AK03 ALII AMOO AM02 
AM07 CJ02 CJ08 CJ11 0J16 
DJ17 HJ02 HJ14 
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